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Hupmobile for Nineteen Sixteen 
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$15 Lower in Price—$200 Greater inValue 


These two facts about the IOIO Hupmobile make this the most : 


important announcement this company has ever made. I 
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rt july nt ised on some of the But we don’t ask you to accept our word alone We do ask yo 
Latest proved battery ignition Irest to see the 1916 H 


ipmobile—to ride in it—to drive it if you will. 
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lighting equipment, latest fescribes in detail all the 1916 car 
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1, Hupmobile patented tail light, genuine crow: And won't you please ask the Hupmobile dealer in your city to 


nn 








the rear wheels, are regular equipment prove to you every statement we make tn this advertisement. Let 


low 
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1916 r You will find nothing that makes for con hi how you in an actual merit test that the 1916 Hupmobile is 
! ir 


Hupt le ist what w i truly ‘the best car of its clas the world.”’ 
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IO16 HUPMOBILE PRICES PLEASE MAIL THIS COUPON 
i ( ' . . »» Motor Car Ci etroit, Michigan : 
Five-Passenger Touring Car, $1085 | Hupp M (or Car ( ompany, L *troit, Mi 1g . 
Roadster, $1085 - Sedan, $1305 - Limousine, $2365 > Send me your complete catalog of 1910 cars. 
All-Year Touring Car, $1185 - All-Year Coupe, $1105 ee —_— 
Seven-Passenger Tour ing Car, $1225 CAddress___ City and State ee 
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President, Manager, Truck Buyer 


You stimulate your Organization when you Supply it with High Quality 
Motor Trucks exclusively. You aid your men,and you keep them on their 
tip-toes. Quality machines will produce Quality results from the personnel 
of your Organization. You give your men the nght tools to work with— 
they have the trucks they want and the trucks they need. Also you elimi- 
nate criticism, excuse making, and kicking from your Organization when 
you buy on a Basis of Quality, not Price. 


If you don’t buy the best, if you buy a Compromise Truck, and put it in 
the usual Organization you will get Compromise Results. 


You are a good Strategist when you buy the Best Truck. Your Organiza- 
tion can make it pay and it’s Up to them to make good. The Right Truck, 
The Locomobile Truck, “The Best Built Truck in America” has 
already made good. Can you afford anything but the Best Truck? 


=) 3-Ton, 4-Ton, 5-Ton, 6-Ton 


Locomobile Three and Four-Ton Worm Drive Trucks are available for prompt delivery. “The Best 
Built Truck in America” contains the finest Materials, exhibits the finest Workmanship, and has 
every advantage in Design. Indeed, what other Three and Four-Ton Trucks offer all these Features ? 





Worm Drive. Right Drive. Four-Cylinder Motor The Locomobile Truck has been designed and developed 
with Five Bearing Crank Shaft. Four Speeds and by the same men who produced ‘ The Best Built Car in 
Reverse. Full Floating Rear Axle. Front Running America,’’ the famous Locomobile Touring Chassis. Our 
Boards. Large Grease Cups. Heat Treated Pressed Trucks are used by: The United States Government, 
Chrome Nickel Steel Frame. Chrome Nickel Steel also The British Government, The Russian Government, The 
for Crank Shaft, Connecting Rods, Valve Tappets and Pennsylvania Railroad, Cities of Chicago, Vancouver, 
Rollers, Propeller Shafts, Gears, Gear Shafts, Live Baltimore and Seattle, State of Connecticut, United 
Axles. Two lengths Chassis. Wood Wheels Stand- Fruit Company, National Fireproofing Company, Barrett 
ard; Steel Wheels extra. Three-Ton Chassis, $3500 Manufacturing Company, Cross, Austin & Ireland Lum- 
($100 less than the average cost of the leading seven ber Company, Barber As phalt Paving Company. We 
Three-ton Trucks). Four-Ton Chassis, $3,650, have delivered hundreds of Worm-drive Trucks this year. 


The LOCOMOBILE COMPANY | 


of AMERICA 
BRIDGEPORT, CONN. 


SEND FOR OUR 
TRUCK CATALOGUE 
OUR REPRESENTATIVE 

OR BOTH, WE GO 

ANYWHERE FOR BUSINESS 
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—a German shell struck a Chalmers Master-Six, knocked off a 
couple of wheels, one or two lamps and was pretty rough with 
the car altogether but— 


There was enough left of this Chalmers to send back to San 
Francisco for repairs. 


This Master-Six belonged to G. Menuel, Consul-General of the 
French Republic and was hit during the German bombardment 
of the French town of Papeete, Tahiti Island. 


Chalmers cars are not built for targets nor to withstand the 
unusual demands of war, but they do stand up under rough 
usage and sometimes cruel abuse. 


Chalmers quality is responsible for this. 


Chalmers Motor Company. Detroit, Mich. 


‘‘Let your next car be a Chalmers’ 


June 5, 1915 
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Soft Coal for Heating Practical and 
Economical 


leration is given to the fact that 


When con 
for every one tl ousand cubic feet of contents of the 
average building, about $2.00 is spent per year for 


the coal burned in the heating apparatus, it is easy 








Cut Coal Costs by Burning 









to realize what a large percent of the operating 
cost of any building goes to the coal bill. 

It, therefore, is the best of business on the part 
of any owner or prospective builder of a large 





Soft Coal Smokelessly 











apartment, or other type building, to study very 
carefully the question of coal and its relation to 
the boiler in which it will be used. And it has been 
very conclusively that the coal cost 
is an item that may be reduced, in 
some cases as much as 40>, by the installation of 
a boiler permitting the use and adaptable to the 
of highest 


demonstt ited 
of a building 


use of coal value — cost considered. 


Soft Coal Not Prohibited 


fact that practically all 
enforcing 


Due probably to the 
cities of i ize or 
es against smoke, many people 
ssion that the use of soft coal 


importance are 


stringent ordinan¢ 
have a wrong Impre 


is prohibit din certain cities. There is no ordinance, 


in any city, which says you must not burn soft coal. 


The furthest that any ordinance goes is to say that 


smoke will not be permitted and in such cases a 
type of boiler that will burn soft coal smokelessly 
is approved just as quickly for soft coal use as the 
ordinary type boiler for the use of anthracite or 


hard coal 

li is not a hardship to building owners for a city 
prohibiting smoke. As a 
legislations against smoke is 


to enforce an ordinance 
real fact, 
an economy forced upon building owners. 

Smoke 1s waste It is sure proof that the boiler 
is not burning all of the fuel — and any ordinance, 
therefore, which prohibits smoke mere ly 
that building owners stop fuel 


matter of 


insists 


wasting 


What Engineers Say About Smoke 


Here is what some heating engineers say about 
“If nearly perfect combustion has taken 
box of a boiler we are able to obtain 


smoke 
place in the fire 
high as 75 percent; by which is 
nt of the actual heat in fuel 


an efficiency as 


meant that 75 peres 


is utilized. The other 25 percent is a loss that 
cannot be avoided as it represents loss resulting 
from radiation and gases escaping into the stack 
which are necessa ry to cause draft.” 

“Whenever dense smoke issues from a stack 


we can safely say that it represents much of the 


actual heat value in the fuel (as smoke is nothing 


but part cles of carbon carried from the boiler in 

gases insufficiently heated to burn).” 
“Therefore, Mr. Owner is losing a big per- 

centage of what he could save if his boiler was a 


type that would turn these escaping gases into 


heat by burning them at high temperature.” 


Soft Coal a Better Buy Than 
Anthracite 


Dollar for dollar you get more heat by pur- 


chasing soft coal than when buying anthracite 
The average run of mine soft coal, which costs 
in the neighborhood of $4.00 per ton, contains 


In New York 


very close to hard coal mines) an anthracite 


about 14,000 heat units per pound. 
City 
coal, pea size, which contains about 12,000 heat 
units per pound costs about $4.40. That means 
that for about 40 cents less per tom you can get 
2,000 heat units per pound more by buying soft 
coal And in cities farther from the hard coal 
mines the difference is even more in favor of the 
soft coal 


The re are 


pure hase of 
two therefore, 
should install 


why a 
which 


reasons, 


building owner a boiler 





It is a fact, thoroughly proven, in buildings of 
all types, in all parts of the country, that the installation of a 
boiler that will burn soft coal smokelessly will reduce coal bills. 


A dollar spent for soft coal buys more heat 
than the same money spent for hard coal. 
show that the anthracite coal, ordinarily used in large buildings, 
contains an average of 12,000 heat units a pound. It costs about 
$4.40 a ton, while soft coal, which costs about $4.00 a ton, 
contains about 14,000 heat units a pound. So, buying soft coal 
you get more heat for less money. 





Sectional View Kewanee Smokeless Firebox Boiler (Brickset type) 
showing arrangement of double grate and long travel of gases. 


Kewanee Smokeless Firebox Boil- 
ers are built with two 
the other. 
grate and the draft, which is down- 
ward, draws the gases down through 
the fire on the upper grate and over 
the hot coals on the lower grate. This 
burns all the heat-giving gases before 
they can be condensed into smoke. 

Built in sizes correctly propor- 
tioned to heat from 1600 to 15,000 
square feet of steam radiation, or from 
2,600 to 24,500 square feet of hot 
water radiation. 


vo grates, one above 
Fuel is fed onto the top 


enough smoke to conflict with any 
smoke ordinance — no matter how 
rigid. 


not new, nor untried. On the con- 
trary they are a combination of the 
firebox boiler and the down-draft grate 
construction known for years and ap- 
proved by practically all engineers as 
the proper method of burning soft 
coal smokelessly and efficiently. 


Costs.” 
Smokeless Boilers are reducing fuel bills. 


































Government reports 


Furthermore, smoke is an in- 
dication of wasted fuel—so a boiler 
that can burn soft coal smokelessly 
proves that it is wasting none of 
the coal. 


KEWANEE 


Smokeless Boilers 


are burning cheap soft coal in all 
kinds of buildings, and in all parts 
of the country, and are not making 


Kewanee Smokeless Boilers are 


Let us send you our booklet “Cutting Coal 


Also a list of buildings where Kewanee 





will burn soft coal smokelessly and these reasons 
apply whether his building is located in a city 
enforcing a smoke ordinance or not. First, soft coal costs less 
A given amount of money spent for soft coal 
buys more heat than the same money invested in anthracite. 
And when a boiler is installed that burns soft coal smokelessly 


that it is wasting none of the fuel 


than anthracite 


it proves 


You Can Prevent Smoke 


It is absolutely impossible to unscramble an egg, and it is 
just as impossible to burn smoke. The only remedy is to burn all 
of the elements that go to make smoke, and thus prevent smoke. 

Chemistry teaches us that the result of complete combustion, 
or perfect burning of coal, is a colorless gas known as carbon- 
dioxide (COz). And an analysis of smoke shows that it is one 
part of carbon combined with one part of oxygen, or carbon 
monoxide (CO). In other words, one atom of carbon is capable 
of taking up two atoms of oxygen, and when this is accomplished 
The black smoke which sails from 
stacks is principally carbon monoxide — carbon 


the burning is complete 
some of the 


which has taken up only one-half as much oxygen as it is capable 


» 






CHICAGO 





NEW YORK 





of handling and from this atom of carbon, therefore, there has 
been only one-half of its full amount of heat produced 


Burning Soft Coal Smokelessly and 
Economically 


About five years ago there was placed on the market a type 
of boiler that accomplishes all of these requirements admirably. 
It consumes soft coal so perfectly that almost no smoke is 
visible at the chimney and at the same time shows a boiler 
efficiency averaging about 20 percent higher than the usual 
type of heating boiler. The boiler referred to consists of an 
adaptation of the well-known Hawley down-draft furnace 
principle to a firebox or portable steel boiler. It consists of an 
upper grate made of heavy steel water tubes, built into the 
furnace and extending from the inside head-sheet to a cross 
header running from one side-sheet to the other. Below this is 
a lower grate of the usual rocking pattern that burns such half- 
consumed fuel as falls through from the upper grate. 

In the operation of this type of boiler all of the coal is fired 


KEWANEE BOILER COMPANY 


Kewanee, Illinois 
ST. LOUIS 


KANSAS CITY 


Pioneers in the Manufacture of Steel Firebox Boilers for the Smokeless Burning of Soft Coal 





















onto the water grate, and through this upper fire-door the greater 
part of the air is admitted, forming a draught down through the 
green coal and carrying the heat-giving gases down through the 
live fire and into the large combustion chamber where it is entirely 
consumed by the heat of the lower fire which is fed by the coked 
live coals which fall between the wide openings of the water 
grate. 
and high, giving the smoke a low velocity and ample time for per- 


The combustion chamber back of the upper grate is iarge 


fect ignition before coming in contact with the cooler boiler plate 
The type of boiler referred to above has proven two things 
conclusively. First, that it can burn soft coal smokelessly and in ~ 
conformity with any smoke ordinance ever passed, no matter how 
stringent. And it has also proven its ability to reduce fuel bills 
This is true not only in the west where anthracite or smokeless 
coals are hard to obtain and very high priced, but also in the 
eastern markets where hard coal is cheapest. Even in such 
cities as Pittsburgh, Philadelphia, New York, Baltimore and 
Washington, right in the heart of the hard coal region, this type 
of boiler, burning soft coal, has proven that it can supply heat 
cheaper than the ordinary type of boiler burning hard coal. 


iy ea 
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It has increased daylight 


in over 3,000 factories 


Are the ceilings and walls of your factory cov- 
ered with cold-water paint? If so, you probably 
find that it Hakes and scales off. Very soon this 
will necessitate repainting. When that happens, 
why not give your ceilings and walls a bright 
glossy, tile-like finish, which will last for years 
without flaking and scaling? 

Rice’s Gloss Mill-White gives 19% to 36% 
more daylight; it is sanitary because it is washable ; 
it makes employees more cheerful; saves money 
by making repainting less frequent. By the 
“Rice Method” it can be applied over old cold- 
water paint. 


Over 3,000 of the biggest plants in the country 
use and praise ‘‘Barreled Sunlight’’—firms like 
General Electric Co., Eastman Kodak Co., Hyatt 
Roller Bearing Co., etc. We can probably show 


you letters from many concerns in your own line 
of business. 


Rice’s is the orzgzna/ ‘‘mill-white.’’ It now has 
many imitations, but they are all varnish gloss 
paints. Rice’s is an o// paint—containing neither 
lead nor varnish—yet does not yellow like oil 
paint. It is made by a special process, discovered 
and owned exclusively by us. The tremendous 
advantages of this process enable us to make the 
following guarantee: 


WE GUARANTEE that if Rice’s does not 
remain white longer than any other gloss paint, 
applied at the same time and under the same 
conditions, we wi// give, free, enough Rice's to 
repaint the job with one coat. We also guarantee 
that, properly applied, Rice’s will not flake or 
scale. You cannot lose under this guarantee. 


Write for booklet “MORE LIGHT” and SAMPLE BOARD 





Sold direct from 
factory 


Sold direct from our 
factory in barrels con- 
taining sufficient paint 
to cover 20,000 square 


feet-—one coat. 











ow. &. 
23 Dudley Street 


RICE'S 


GLOSS 


MILL-WHITE 


GUTTA PERCHA PAINT CO. 





On concrete 
surfaces 


On inside concrete Rice’s 
Granolith makes the best pos- 
sible primer for a second coat 
of Rice’s Gloss Mill-White 
giving a tile-like enamel finish 
at no more expense than lead 
and oil paint. 


Rice’s Granolith 











Providence, Rhode Island 


June 5, 191§ 
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Gordon McKay, inventor of the 
McKay shoe-making machines. 














Isaac Singer, inventor of the Singer 
sewing machine. 
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Joseph Henry, who laid the founda- 
tion of the electric telegraph. 























Prof. J. A. Fleming, inventor of the 
electric valve used in wireless. 





Charles J. Vandepoele, inventor of 
American overhead trolley system. 

















James Gayley, inventor of the dry- 
blast process of steel making. 


























Frank Sprague, inventor of the mul- 
tiple unit system of train control, 


Charles G. Curtis, inventor of the 
Curtis steam turbine. 


SOME GREAT 


INVENTORS OF 

















Lyman E. Blake, inventor of shoe- 
making machinery. 

















Dr. Coleman Sellers, pioneer motion 
picture and machine tool inventor. 

















Charles E. Scribner, inventor of tele- 
phone switchboards. 

















Copyright by Edwin Levick 
Dr. Rudolf Diesel, inventor of the 
Diesel engine. 


THE PAST SEVEN DECADES 


25 CENTS A COPY 
$3.00 A YEAR 











Charles Goodyear, inventor of the 
Goodyear lasting machinery. 

















Count von Zeppelin, inventor of the 
rigid airship. 

















J. S. Hyatt, an industrial chemist, 
who discovered celluloid 

















Charles P. Steinmetz, inventor of the 
magnetite arc 
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The purp thi purnal is to ecord accurately, 
eiwmy ind ; fi the progress in scien 
fi Ky ! fria h ment 


Our Seventieth Anniversary 





e ScrentTivic AMERICAN has reached 
tiet! en of if eXistence if seems 
t we hould pause ind survey the 
progress that ha een made by the world during that 
1m nl I do tl most effectively one must transport 
me elf bach " eur ‘ elf of by far 
the gre er part of the mechanism which we have come to 
rceept as a matter f course It has beet nid that the 
civilization ml culture of Egypt, of Mesopotamia, five 
thousard ent nue wit uperior to that of London 
Pari or Rome one hundred year igo Take away al 
tt nateria a are which have been given to us 
by selence and invention and we drop back to a period 
where we have still not learned to control matter 
and fores 
When the Screntirpic AMERICAN was established we 
had only Davy ire and = electrolysi Oersted and 
Ampere f itions in electrodynamics, Daguerre’ 
photograpl Henry ind Farada work in it 
luctior and Joule mechanica equivalent of heat 
rhe telegrapt! and the reapel had just been 
born Phere Ww ! telephone no motion pi 
ture machine no ol refining industry no electri 
incandescent lamp, no wireless telegraph, no flying ma 
chine or ait | typewriter, no automobile, no elec 
trie re i ! I semer steel, no phonograph, no 
issenger elevator, no steam turbine Why continue 


Much of the transformation which 


hes marked the ist seventy years has taken place 
vithi the lives of men still with us The amazing 
rapidity wit! vhiech industries have grown and con 


multiplied may be attributed to the very na 


ture of inventi ind research Hardly was one dis 
covery made when a vista to a whole eries of new 
discoverte is opened, and each of these in turn dis 
closed bypaths to still newer fields. So development has 
rogressed with the rapidity of wildfire 

And vet science and invention are young Because 
they are, the Scr ric AMERICAN must remain peren 
niaily ufthful 

What period f cientifie activity we have lived 
through And yet all that we have witnessed is but a 
mere episade in the evolution that still lies before us 
What discoverie ind invention we have till to see 


When we think that at the time the Scren 
started it took three weel to send 

message from New York to Liverpool and three 
months to ¢ itta, when we think that only yesterday 
we marveled at the application of ether and chloroform 
to surgery, at the feat of telegraphing across the ocean 
without wire it the bigne of the Panama Canal, at 


the opportunit of x the skeleton beneath the 
I and the spectacle of a man 
wifter than any bird: when we think 


that it has been our privilege not merely to see these 


snd mar the miracl ind to translate them into 
print, so that the wonder of them and the beauty of 
them might strike all men, who can blame us if we con 
template ou [ t with a feeling almost akin to 
we We have ‘ 1 at the discovery of radium 
and the breaking of the tom into corpuseles; at the 
tracing of disense t jultiplication of infinitely 


SCIENTIFIC AMERICAN 


small living things. Yet if we compare ourselves with 
those who will record the achievements of science a 
century hence, we in this day may seem to have pro 
gressed but little beyond the stage when the moon and 
he stars were to mankind but lanterns hung on a great 


tent wall and not separate worlds in infinite space 


The Greatest Ten Years of Invention 


HE most significant event in the annals of 
human achievement was the invention of the 
steam engine. Its introduction divided recorded 

time into two distinctly defined eras, and it may well 

be said that the entire history of man’s material en 
deavors counts forward or backward from that com 
paratively recent event. The jump from manual to 
which typifies the two eras, was 


rofoundly affected 


power operations, 


nothing short of cataclysmic, and 


and stirred mankind in all its relations to an extent 
inconceivably greater than any political change or de 
cision in battle that is ordinarily cited by the historian 
to mark the beginning of a new epoch 

As soon after this event as distracted civilization 
could be released from the stifling bondage of incessant 
warfare, the problem of applying this mighty agency to 
the needs of man began in earnest—with an energy, 
capacity, and genius never ceasing and never before 
equaled. Thus was inaugurated the age of machinery 
of invention, of industrialism—an age vitally different 
from all that preceded it and during which the basis 
of society was more completely altered and the economic 
and political structure more fundamentally revolution 
ized than in all the preceding centuries of civilization 
put together 

Of the ten decades which may be roughly stated to 
cover this notable period of development, not one has 
failed to contribute its quota toward the sum of great 
inventive achievements. Each and every decade has 
seen the origin of some transcendent act for the ad 
vancement of material civilization 

The ten years most fraught with achievement up to 
1S40-1S70) 


the invention of the telephone, was the 


period, during which the reaper, vuleanization of rub 





ber, sewing machine, and telegraph were perfected 


These inventions, by far the most notable of the decade 


were all American and marked the culmination of 
Yankee ingenuity, and it is safe to assert that no other 
people in any equal short span of time can point to a 
record of accomplishments so marvelous and so revo 
utionizing, industrially and socially 

The decade beginning with IS70 was also notable 
the telephone, the dynamo, and the are lamp appeared 
ind gave the first indications of the coming part elec 
tricity was to play in the affairs of mankind. 

But the ten years beginning with 1SSO saw an. out 
burst of inventive activity that dwarfed all similar 
periods in the history of invention. It seemed that the 
discoveries in things electrical in the last three or four 
years of the previous decade was the signal for the 
pent-up genius of the world to let loose 

The trolley car, which has changed the face of urban 
civilization; the incandescent light with its more power 
ful and healthier glow and more adaptable use; the 
automobile, the most distinctive feature of our time; 
instrument in 


the typewriter, the most necessitous 


modern business; the skyscraper, the delineator of the 
new skyline of American business centers; and the 
eash-register, that ubiquitous instrument and first aid 
to honesty—to pick out the most obvious of the inno 
vations that proclaim the age—all of these came into 
being or were first whipped into shape in the ten preg- 
nant years beginning with 1880. 

Before 1880 electricity was sparingly used—the first 
central station for are lighting had just been estab 
lished in 1879. Its recognition as a source of energy 
for universal lighting, for propulsion, for power, and 
for heating—for all the large and vital uses it could be 
put to—was a matter of speculation, and not one of 
expectedly near realization. No one, even of the wildest 
imaginings, could have dreamed of the transformation 
so close to hand. But before this census period closed 
the electric incandescent lamp was incontestably estab 
lished, the trolley car was successfully introduced, the 
central station for power distribution and the polyphase 
motor for stationary work began to show its revolu 
tionizing possibilities, and the first electric furnace was 
put into successful commercial operation 

All the big problems that were involved in putting 
into service in such large ways of this new and mighty 
servant were first confronted and solved in this par 
ticular decade In the SO's the generation, transmis- 
sion, and utilization of current—the dynamo, the trans 
former, and motor—were all made practical propositions 
on a large and commercial scale for the first time. The 
trolley car, which drastically changed the aspects of 
things urban and suburban, brought the country to the 
city and spilled the city into the country, increased 
land values by the billions; and the incandescent lamp, 
which inaugurated clean and safe illumination, intro 
duced the central station power house and inspired the 
first great innovations in generation and utilization of 
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electric current; the transformer, that extremely simple 
but supreme instrument for making serviceable the 
easily 


alternating current—the most generated and 


triansmittable form of electrical energy ; and the indue- 
tion motor, the eventual driver of most of our ma- 
chinery—all these peaks in electrical progress were 
made in the same decade 

all operations are per- 


The most fundamental of 


formed in the furnace The profoundest changes of 
nature were caused by heat and the basic processes of 
industry are carried under high temperature conditions, 
Except a new source of energy, it is difficult to con- 
ceive a new utility of more potency than a novel type 
of furnace. For the first time in all history, a high 
furnace heat was attained through means not involving 
combustion, when the electric furnace was perfected in 
the latter part of the decade With the advent of this 


utility, possibilities of heat application were opened up 


that shamed even the dreams of alehemy There is no 
burning, no smoke or foul gases—resultants of combus- 
tion. The heat is clean, controllable, and extremely 


1igh, with the result that it is revolutionizing high tem- 


perature operations in multitudinous directions, and the 
changes in steel and alloy making and in electro-chem- 
ical processes are already profound 

The steam turbine, which is supplanting the recipro- 
eating engine; the gasoline engine, which made possible 
the motorboat, automobile and aeroplane; the automo- 
bile itself; the Mergenthaler typesetter and caster; the 
cyanide process, which vies in importance with the 


Bessemer method of making steel and the vulcanization 


of these truly 


of rubber; and electric welding—al 
epoch-making inventions first saw the light of day in 
this census period 

The Harvey process for hardening armor plate was 


invented in ISSS; smokeless powder a few years earlier; 


the wax phonographic record, which made the phono 
graph a practical proposition, came out about the same 
time: Westinghouse’s quick-acting brake, which only 
fuiled to be considered a pioneer invention of the first 
order by a five to four vote of the Supreme Court, was 
another notable addition to the decade; the transparent 
film, which foreshadowed the moving picture: and the 
pneumatic tire, 


which helped to popularize the bieyele 


and automobile, were prominent contributions of these 


precnant fen years 





The half-tone process, the most notable advance in 
the reproductive arts since lithography was established: 
the Janney type car-coupler, the greatest life-saver ever 
invented; and the centrifugal creamer, which has saved 
the farmers of the civilized world hundreds of millions 
established during 


of dellars, were all commercially 


this period 


The Super-battie-cruiser 
HAT the leading naval power in the world is 
satisfied that the battle-cruiser has fully vindi 
cated the claims of those who were responsible 
for its introduction, is proved by the fact that the 
British Admiralty is completing four ships of this type 
in which the elements of speed and gun-fire will be 
carried such a great step in advance as to place the 
Indeed, if there be 


such a vessel as a super-dreadnought, it is certain that 


new ships in a class by themselves 


these ships should be termed super-battie-cruisers. 
We are 


is being rushed to completion, and that the extreme 


reliably informed that this group of ships 
features which they will embody in the way of gun-tire 
and high speed were decided upon as the result of ex 
perience gained during the present war. They are to 
mount the 15-inch gun, and they are designed to steam 
at a sustained sea speed of 52 knots. The armor pro- 
tection is to be of moderate thickness, necessarily. Now 
here we have a ship which will have the widest pos 
sible range of usefulness outside of the line-of-battle 
engagement between heavily armored dreadnoughts. 
Thus, if the German battle-cruisers should attempt an 
$2-knot ships, if 
they get in touch, could easily overtake and sink them. 


They could catch and sink the fastest of the modern 


other raid on the English coast, the 


scouts ; and in any but the calmest weather could round 
up and dispose of a whole fleet of torpedo boat destroy 
ers, Whatever their speed might be. Also, if their own 
fleet were pursuing a battleship column, they could 
overtake and concentrate on the rearmost ships, thereby 
forcing the enemy to accept engagement—uniless, indeed, 
the enemy admiral should leave his rear to shift for 
itself, as was done by the German battle-cruisers when 
they left the “Bluecher” to its fate in the North Sea 
battle. 

The persistent cutting down by Congress of the pro- 
grammes of battleship construction submitted by our 
Navy General Board, is responsible for the fact that 
to-day the United States Navy does not include a single 
ship of the battle-cruiser type. If we possessed the bat- 
tleship strength which ‘the General Board considers 
necessary for the safety of the country, they would 
recommend the creation of a battle-cruiser fleet—indeed, 
we should now have several of these most necessary 


ships under construction, 
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The modern way of harvesting with tractor power. 


Used for forty centuries. 








The first McCormick self-rake reaper. 


1845-1855 
<b EGRAPIHY was the only practical application of 


electricity in the early 40°’s and, for that matter, 


for several decades following. Hardly had Morse’s ex 
perimental line between Washington and Baltimore 
been successfully opened (1844) when literally dozens 


of inventors on both sides of the Atlantic applied them 
selves to the improvement of telegraphic communication. 
The 
this 
need not be 


on communication appearing elsewhere in 
that it 


article 


reviews the art with such fullness 


Issue 


dwelt upon here. 


Some Early Electrical Devices. 


although the telegraph was the great electrical 


But 
invention of the decade, experimenters were seeking to 
find new applications for electricity. Thus, in 1848 
Foucault and DuBoseq constructed the first practical 
are lamp, having a clockwork to adjust the distance 
between the carbon electrodes automatically. Charles 
Wheatstone and W. F. Cooke (1845) substituted elec 


magnets in electromagnetic 


electrical 


tromagnets for permanent 


machines ind thus brought engineering 


nearer the modern dynamo. 


There were even thoughts of the electric railway; 
for in 1851 the versatile and daring Moses G. Farmer 
of Newport made rather unsuccessful experiments with 
an electric railway, in which the current, derived from 


a battery, was sent through the rails. In 1851 Thomas 


Hall of 


magnetie 


driving a vehicle with a 
stationary battery, 
attempt at In 1854 M. 


ilso made experiments with an electric auto 


Boston succeeded in 


machine supplied from a 


an early electric automobiiing. 
Davidson ; 
mobile 
Although Sir Humphry Davy had the 
are for the production of sodium. the modern electric 
Mansuéte Despretz, 


used electric 


furnace really begins with César 
who in 1849 conceived the idea of employing a carbon 


consisting of a car 


retort, the negative pole of the are 
bon rod and the retort itself constituting the positive 
pole 
Progress in Autoraatic Machines. 
Of fa: more importance, however, were the advances 
in mechameal invention. The idea of rolling window 


Bessemer. He 
hollow 
Simon re- 


Henry 
two spaced 

Picard and P. 
1846 Farthing en- 


or mirror glass was proposed by 


glass between rollers 


poured the 
cooled by circulating wrter. 


vived the idea in 1SST7 ard 1888S. In 
deavored to substitute compressed air for lungs in glass 
blowing. His ss blowing was much used 
by the end of the 70's 

In 1846 Richard Marsh Hoe made valuable contribu- 
tions to printing nachinery. He developed the type 
revolving press of te period, in which a single form of 


type was carried beneath four, six, eight, or ten print- 


method of gla 


ing cylinders and used to print upon a sheet borne by 
This the standard of the world. 
Later Stephen Tucker, an employee of Hoe’s, converted 
that is, into that 
sheet, Eventually he 


each press became 


this into the perfecting one 


both 


Press ; 


sides of the 


printed on 





Cyrus H. McCormick. 





In this article we have endeavored to record the 
principal inventions which during the 
have contributed markedly to 


The record is necessarily incomplete ; for 


last seventy 


years industrial 


progress, 
in the limited space at our disposal, we could not 
do more than indicate the 
We have confined ourselves almost entirely 
work 


most important achieve 
ments, 
to mechanical inventions, not that the 
in industrial chemistry and pure science falls with- 
- out the scope of the ScientrFic AMERICAN, but sim- 
ply because the Screntiric AMERICAN has been 
very Closely identified with invention. 
unnecessary duplication, the 


done 


avoid 
special articles appearing else 


In order to 
facts recorded in 
where in this issue have not alivays been incorpo 
rated in the But the leading achieve 
ments in the have 
wherever it seemed desirable to keep the record as 
references have 
been made It was felt that 
this should be a record of industry and peace. 

We wish here to acknowledge the great assistance 
which has been given to us by many of the leading 
manufacturing inventors, and engincers 
throughout the country. Without their 
help it would have been dificult, if not impossible, 
to reveal the beginnings of many an important in 


following. 


main arts been repeated 


complete as possible. Very few 


to military inventions. 


jirms, 
generous 


duxtry.—viToR. 











adapted his machine to print upon a web or endless 
sheet of paper. 

An Early‘ Dirigible Airship. 

The modern dirigible had its origin in 

for hh ry Giffard built a cigar-shaped dirigible airship 


in 1852. It had a steam-driven propeller and actually 


this decade, 


traveled against the wind. In 1855 Giffard built a 
larger ship (4,500 cubic meters capacity). 
Of the improvements in civil engineering that de 


serve to be noted, it must be mentioned that in 1846 
the French engineer Fauvelle invented the process of 
boring with a continuous stream of water and succeeded 
in boring a 170-meter hele in twenty-three days, by 
forcing water under high pressure into a hollow boring 
tool. His process is the basis of the boring pump de 
vised in 1860 by Chanoit and Catelineau. 

In 1852 Merriweather, a California gold miner, in 
vented the hydraulic system of mining gold. 

The modern bicygle sems to have had its origin in 
1854. P. H. Fischer, a mechanic of Schweinfurt, Ger 
many, added pedal cranks to the velocipede. Quite in 
dependently Ernest Michaux hit upon the same idea in 
1855. Rubber tires seem to have been first used in 1865 
by M. Thévanon of Lyons. 

Improvements in Steam Engineering. 

In steam engineering the most notable achievement 
was undoubtedly George H. Corliss’s invention, in 1848, 
of his famous valve gear, patented in 1849. 


The Marsh harvester. 


tubes was 


built 


The first steam boiler with horizontal iron 
IS55 by Belleville Wilcox 


inclined 


constructed in Julien 


his first steam water-tube boiler with water 


year, his construction being later 
Babcock & Wilcox 


Worthington conc 


tubes in the same 
very much improved by 

In the year 1840 Henry R. 
to the 


ived the 
canal 
that 


steam propulsion of 


difficulties 


idea of applying 


boats. Among other encountered was 


of supplying his boiler with water, while the boat was 
passing through the locks, the engine, and consequently 
its attached pump (the only type in use at that period), 
being at rest. The result of his investigations was the 
first independent single direct-action boiler steam pump 
ever constructed. This 
tion for thirty 
manufacture of these pumps in 1845. 

In this the 
high explosive industry; for 
Schoenbein 


pump was in successful 


Worthington began 


Oper 


over years, the 


beginning of the modern 


in 1845 Christian 


decade belongs 


Fried 


rich discovered nitrocellulose or guncotton. 


The Bessemer Process Invented. 


Industrially, by far the most important invention of 


the decade was the Bessemer process of making steel. 
It was in 1855 that Henry Bessemer invented his fam 
ous process for the direct conversion of molten cast 
iron into steel by blowing air into the molten mass. <A 


xu result the steel and iron industry was liberated from 


the dominance of hand labor, and the process of mak 


ing steel was at once shortened from one and one half 


days to twenty minutes. 


The Men Who Invented the Sewing Machine. 


On September 10, 1846, Elias Howe received a pat 


ent for his epoch-making sewing machine The feat 


ures that made Howe's machine a success were a needle 
with the eye at the point, a shuttle operating beneath 


the cloth to form the lock sitch, and an automatic feed, 


Next to Howe, the name of Allen B. Wilson claims 
notice as the inventor who has done the most to give 
us the present perfected sewing machine To him 


we are indebted for those two most ingenious and beau 


tiful pieces of mechanism; the rotating hook and the 


four-motion feed. He claimed to have conceived the 
idea of a sewing machine in 1847 His fis machine 
was built during the spring of 1849, while he was em 
ployed in Pittsfield, Mass., as a cabinet maker. In the 
sume year he built a second and better machine, and 
“up to this time,” he says, “I had never seen or heard 
of a sewing machine other than my own.” He teok out 
his first patent on November 12th, 1850. This machine 
Allen B. Wilson brought to New York in order that 


he could exhibit it to the Editor of the Screxrir. 


AMERICAN and have it described in that publication 
" 


In 1851 Wilson patented his famous rotating hook, 
which performs the functions of a shuttle by seizing 
the upper thread and throwing its loop over a circular 
bobbin containing the under thread. Thi implified the 


construction of the machine by getting rid of the re 


ciprocating motion of the ordinary shuttle ind con 
tributed to make a light and silent running machine 
eminently adapted to domestic tse 
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The original Singer sewing machine. 
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Mr. Wilson patented hi four-moti Feed 
which, in combination with a spring presser foot i 
be said to form the basis of all modern feedin wechal 
ints 
In 1851 W. ©} Grover and W. 1 ak i ted a 
machine which made the “Grover & Baker chain stitch.” 
In 1850 Gibbs, a Virginia farmer iw in the Sen 
ripic AMERICAN a picture of a sewing machine Phe 
working of the apparatus was very plain down to tl 
moment when the needle perforates the clotl lle 


fell into the habit of musing upon the ourse of ever 


after the point of the needle was lost to view The re 
sult of his cogitations, aided by infinite whittling, wa 
the ingenious little revolving hook, which constitute 


the peculiarity of the Willcox & Gibbs machi 
Patent No. S24, of August 12th, 1851 
of the 


strolling player 


most useful machines Isanc Merritt Singet 


theater manager, inventor, a 
nire, brought into the business a new macl 4 
which gave a powerful in 


methods of exploitation 


pulse to the youthful industry The Singer 


ments met the demand of the tailoring amd] leat 





dustries for a heavier and more powerful machine rh 
novelties consisted in the circular feed whee below 
the cloth plate, which had a serrated periphery project 
ing sligitiy abeve the plate, and was fed by a rock 
shaft and paw a thread controller; and the use of 
gear wheeis and shafting to transmit the power from 
the hand wheel to the two countershafts for workil 

the vertical needle and the huttle Singer was also 


introduce foot power in place of the hand 


the first t | 


driven crank wheel 


John Brooks Nichols, a Lynn shoemaker, about the 
year 1851 adapted the Howe sewing machine t ew 
the uppers of shoes, the first important step in th 
application of machinery to shoemaking Che first ma 
chine was introduced in Lynn in 1852 by John Woo 
dredge 

The Passenger Elevator. 
The first elevator were undoubtedly devise for the 


handling of heavy cood and although thre olidl plat 
form 


improvement 


windla wa a great 
block and fall of the 
that these 


hoisted by a hand-power 


over the original 
mechanism 


When, how 


sailor, it was not intended 


shonid be used to carry human beings 


ever, steam power had come into common use, and build 


ings had become tailer, it was but natural not only that 
power hould be applied to the operation of elevators 
but that the 


currying of passengers 


extension of the use t ele itor to the 
should be suggested by the im 
provement All of these changes were extreme vr 
ual, the first 


both freight and 


power elevators being used 


ately for passengers ; but 


sahi that the first elevator was ih 


1S52, by Elisha 


power 


Graves Otis: and a few years iter 


exhibited at the Crystal Palace, in New York, the first 
elevator with a safety device to prevent the car from 
falling when the cable broke The first exclusive pas 
senger elevator operated by steam wa installed in 


the Fiftii Avenue Hotel in 1859 by Otis Tuft 


The Beginning of the Typewriter. 
Many acute 


ing machine 


ninds were working before the tf t writ 


appeared The efforts of inventor to pro 


duce a telegraphic printing machine gave 
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How e. 


the ick f riting machine although the first 
ittempt te reowluce t typewriter is found in the 
ecords of the British Patent Office as far back as 


ompetent complete machine did 


t appear unti IS4s, when Charles Thurber of 
Worcester, Mass., patented a slow typewriter The 
del was interesting as ‘effecting the letter spacing by 


ngitudina motion of a platen a principle which is 


feature of a modern machines Fairbanks in 1848 

















Model of the Otto gas engine in the National 
Museum, Washington, D. C. 

‘ ned a machine for printing colors on cloth It 

In 1847 Dr. Francis, a New 


York, patented a typewriter, in which a motion similar 


wealthy physician of 


that of a piano hammer was employed to throw up 
which were arranged in a circle to a common 
center It was bulky and intricate, and although cap 
thle of good work was too costly for a commercial ven- 
ture This machine contained many of the salient feat 
pewriter of to-day, such as the carriage 


traveling from side to side over the type basket, a large 


to indicate the end of the line, blank key for spaces 

















rhe Bessemer converter, one of the great inventions 
of the nineteenth century. 


whOwoowror a Whhnmnnw 


RS SI SSNS 
\ 


June 5, 1915 


it NHNMIW 


ZZ 


\ 


\ 
\ 


Vibe 








Viti t{ titi 
SLI AA 


te 


ZL 


Ye 


ZZ 





St / 


tite 
PASS T+ 


y Yt y ttf 4 
Wb fl ijb- hh 


We 
Ld 





, 
Wij 


MM, 
VASA) 


The original Howe sewing machine. 
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The Reaper and the Harvester. 


In 1881, Cyrus H. McCormick of Virginia built the 


first practical grain harvesting machine. But it was 


not until IS45, the which the Screntiric AMERI 
CAN Was established, that the reaper was really intro- 
duced It contained the essential elements that have 
been found in ever rrain harvester that has proved a 
success from that day to this. The first machine had 
nu main whee frame, from which projected to the side 
a platform containing a cutter. bar, having fingers 
through which reciprocated a knife driven by a crank; 
upon the outer end of t platform was a divider pro 


jecting ahead of the platform to separate the grain to 


be cut from that to be left standing; a reel was posi 
tioned above the platform to hold the grain against the 
reciprocating Knife, and to throw it back upon the plat 
form, and the machine was drawn by a team walking 


grail rhe motive power was oxen 
or horst hitched either at the side and front, or be 
forced to the sickle by the reel, 
id dropped to the platform A man, walkisg 


de of the platform, removed the grain with 
a rake 

encountered by the predecessors 
Many 


but nothing equaled the reciprocating knife. 


The great difficulty 
of McCormick was the sickle different devices 
were tried, 
The next improvement on the first practical reaper was 
McCormick's addition of a seat for the man who raked 
later a self-rake was added, 


The to-day 


the grain Several year 


which eliminated the extra man. reaper 


is built largely along these lines. 


The 


the reaping machine was 


next progressive step in the development of 
the application of an auto- 
grain from the platform 


matic mechanism to rake the 


to the ground. This work had, up to this time, been 
done by a man riding on the machine. In 1849 Jacob 
J. and Henry F. Mann of 


having a series of endle 


Indiana patented a machine 
bands for carrying the grain, 
after it had been cut and reeled upon these bands, to 


t accumulated in a 


the ide of the machine, where 


receptacle until a sufficient amount had been gathered 


to form a bundle, when the operator dumped the recep 


tacle, leaving the gavel upon the ground. 


In 1850 Tlomer Atkins of Illinois invented a device 


for giving a reciprocating, intermittent motion to a rake, 
to deposit the grain upon the ground, after it 


in order 


had been cut and reeled upon the platform. 


This ma- 


marks the beginning of an era of self-raking 
that supplied to the market 
for twenty years In the summer of 1850, 
Adams and J. T. Gifford, of Elgin, Ol, 


ably the first hand binding harvesting machine. It was 


chine 
reapers, continued to be 
Augustus 
built prob- 
a machine of the same type as the Mann machine of 
1849, but it had in place of the receptacle into which 
the cut grain fell as it left the traveling apron that 
which 


which the 


it to the side, a men 


through the 


conveyed platform upon 


were carried field, and upon 
grain fell from the endless apron, where it was bound 
This 


which 


by men carried upon the machine, is probably 


the earliest example of a machine afterward 


came into extended use under the name of haul bind 
ing harvester. 
In 1858 ¢. W. and W. W. Marsh of Illinois invented 


their harvester, The grain after it had been cut and 
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deposited upon an endless apron was carried to one 
side of the machine to men riding upon the machine, 
who bound this grain into bundles. It should be remem- 
bered that the self-raking reaper was the machine in 
general use up to this time, and men did the binding, 
walking from gavel to gavel. The Marsh machine is 
interesting not only as marking a progressive step in 
the development of harvesting machines, but as fur 
nishing the machine to which the automatic binder 
was successfully attached. 

The commercial value of all the branches of indus 
try that owe their existence and prosperity to MeCor- 
mick’s invention of the reaper is beyond conjecture. 
The value of farms has increased from one million dol- 
lars in 1800 to twenty billions in 1906—more than four 
times the value of all the manufacturing enterprises 
in this country. 

The yield of the crops is so enormous that not enough 
men could be gotten into the fields to harvest them if 


the reaping hook were the harvester. 


1855-1865 
The decade is notable for the important work done 


in laying the foundation of modern electrical engi 
heering 

The first direct current motor was built in 1860 by 
the Italian physicist Antonio Pacinotti. His machine 
consisted broadly of an iron ring, suitably wound, 
which rotated between the poles of a horseshoe electro 
magnet supplied with current from a battery. In the 
same year Pacinotti invented the commutator. VDaci 
notti did nothing with his inventions, important as they 
were. The world had to wait for Gramme to reinvent 


them 
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The Hoe revolving press of the fifties. 


by Robinson and Gotham for iron works, but hydraulic 
press forging was substituted for the hammer in 1861 
by John Haswell, whose first press had an effective 
pressure of 16,000 hundredweight. 
improved by Reiner Daelen in 1865 by applying steam 


Haswell’s press was 

















Alfred E. Beach’s hydraulic shield, first practically used in tunneling under New York, 1869. 


Gaston Planté invented his “accumulator” or storage 
battery, consisting of two lead plates immersed in di 
lute sulphuric acid. When the element was charged the 
positive electrode became covered with a layer of super 
oxide of lead. When this plate was used as a cathode 
a powerful current was obtained, the super-oxide decom 
posing again. 

In 1859 Moses G 
house with forty-two platinum incandescent lamps, one 


Farmer of Newport illuminated his 


of the earliest instances of the use of electric lighting. 
The idea of separating iron magnetically goes back 
to 1792, when William Fullerton took out a patent on 
an apparatus. Electromagnets were proposed by and 
used experimentally by Arthur Wall (1847) and Chenot 
(1854). A great step in advance was taken in 1858 
when Quintino Sella used an electromagnetic machine 
for the preparation of ore. He seems to have used the 
device practically in obtaining iron free from copper and 
sulphur and was thus enabled to utilize ores for which 
there had been no practical use. Edison made vast im- 
provements along the same lines many years later. 


Improvements in Metallurgy. 

The first modern coke oven of the by-product recoy- 
ery type was built in 1856 by Carvés at Lebrun, Com- 
mentry. After the oven had been improved by Carves 
and Knab in collaboration, eighty-eight ovens were built 
in 1862 at the Usine du Marais in Terrenoire. 

The principle of centrifugal casting in the production 
of iron and steel, although proposed as early as 1859, 
was practically carried out by Henry Bessemer in 1856. 
In order to avoid blowholes, the molten mass was 
poured into a circular closed mold having a _ vertical 
axis which could be turned with a speed of 2,000 revo- 
lutions a minute. <A similar process of producing wagon 
tires was disclosed by Withley and Bower in 1864. 

The first modern hydraulic press was built in 1858 


pressure directly, thus dispensing with a pump and an 
accumulator. 

The idea of using slag for the making of Portland 
cement was suggested in 1862 by Eugen Langen, who 
noticed that the blast furnace slag of an iron foundry 
had hydraulic properties when granulated. Langen’s 
suggestion was practically carried out in 1865 by Fritz 


Sholes-Glidden machine P. Remington 


1873-1874. 


From a contemporary engraving. 


Liirman, who made artificial building stone of granu- 
lated slag and limestone under pressure 

Most important in its general industrial efiect was 
the invention of the regenerative gas furnace by Fried 
rich and William Siemens in 1856. Edward Cooper ap- 
plied Siemens’s regenerative principle to blast furnaces 
in 1859, his ideas being readily accepted in the Cleve- 
land district. 

Colonel Drake Strikes Oil. 

On August 28th, 1859, G. L. Drake, while driving an 
artesian well, struck oil. Although petreieum had been 
known even in ancient times, Drake's was the first oil 
well. Ever since his time petroleum has been an arti 
cle of commerce. The idea of the pipe line suggested 
itself as early as 1860 to J. D 
Their attempts at piping oil were not very successful. 


Karns and Hutchinson 


The first really successful pipe line was laid by Samuel 
Van Syckle in 1865 between Pithole and Miller's Farm 
Another pipe line was built by Henry Hariey at the 
end of the year and the success of the principle wes 
demonstrated by him 

The Beginning of Modern Refrigeration. 

The modern ammonia absorption ice machine was 
devised in 1860 by the French engineer, F. P. EB. Carri 
In this machine water was brought to the freezing point 
by the rapid evaporation of condensed ammonia im 
proved by Reis (1870) and Koch and Habherband 
(1871), this machine held its own until the compres 
sion apparatus was brought to a high state of efficiency 
A closed cold air or refrigerating machine was built la 
1862 by A. C. 


over and over again and exerted its cooling effect indi 


Kirck. This machine used the same air 
rectly through tubular walls which are built in the 
chamber or fluid to be cooled 


How the Pump Was Improved. 
Finding that his early pump lacked smoothness in 
operation, Worthington 
which he patented in 1859. 


developed the duplex pump, 


Another inventor who did 


much to improve the pump was George F. Biake. In 

1862 he installed and operated his first single direct 
Sholes, Glidden and Soulé machine 
which preceded machine of 18728 








James Densmore 


The typewriter of A. BE. Beach (1856). Cc. L 


Ancestors of the modern typewriter. 





t hich w immediately successful, and 
witl igehit codification was patented on April 12th 
is Ins the ime period belongs the development of 
the Know pump 

In 1862 attention wa draw to the need of better 

protectior a t Lockport, N. ¥ and in 1863 
Il col ted the tf t vater-works plant, con 
isthi f pump, turbine water wheel, about 
one mile of iter main and twelve fire hydrants, under 
wha become known throughout the world as 
the Hi em of water supply and fire protection 
for citi i Hage 

In eam eering we must note that in 1858 John 
Ellake com <i he compound steam engine with the 
surface conde er, and thus devised a type of double 
expansi ompound engine, which has marked influ 
enced tl | pu t f marine engineer! 

i WH La i itented his histori is ¢ ine, in 

ic! used electrical ignith 


The Harvester is Developed. 


~ il Ih Locke of Jane ible Wi during these 

‘ pan vire bindet Ile took out many 
goat 1 IS7 ifte ociating himself with 
Waiter A. Wood, built and sold probably the first auto 
mn elf-binding harvester that was ever put upon the 
marke The different builders of reaping machines 
wert r t tl time perfecting automatic binders 
which they were attaching to harvesters of the Marsh 
tyvin } removing the platform upon which the men 
tood and placing the automatic binder so as to receive 
th ix if delivered from the elevator of the 
harvests rt use of wire, however, as a binding ma 
th position and the inventors turned 

the at t! to perfecting ap attachment that would 
bind with cord; and to Marquis L. Gorham of Rock 
ford, I vho built a successful cord binder and had it 
work | e harvest field in 1S74, must be given the 
credit fj al xy the f uccessful automatic self 
g¢ binder it bound with cord and produced bun 

dies of the ime iz It wa ike McCormick's reaper 
machine that contained the essential elements that 
have been found in ever grain binder since its time 
In I870 J I Appleby tock out a patent on a 
machine ‘ which he had been working for about 


four yeu which tt the arrangement of the devices 


ment to that of Gorham. It, however 


wi i | < 

nta the principles of the Gorham machine, which 
he |} i operation in the field before he began 
t work u ! twine binder The modern twine 
bine the form of devices and the arrange 
ment of its part built upon the Gorham plan, as im 
l ved } Appleby 

A fi ears prior to 1859, P. H. and F. M. Root con 
ceived the idea of developing a water wheel built on 
the principle of the present two-lobe positive pressure 
blower The machine was constructed to be used as a 
water whet It was installed and tested out, but as 
he re t pra vere igged with wood. the wood 
we ad i! machine was taken out and brought to a 
machine hop in Connersville and the impellers were 
trimmed off with an ordinary plane While they were 
running the machine to see if the clearances were prop 
rly mad he operator of a local foundry was stand 


ing by and observed that it was discharging a blast of 


air.. Th foundryman afterward became the foreman 
f Root brothers’ foundry This suggested to the 
brother the Idea of constructing a positive pressure 


foundry work—the inception of the positive 


Pressure blowel 


The Solvay Soda Process and Other Interesting 
Processes. 


brought forth the Solvay soda process 


one of the great achievements of industriai chemistry 
After the experimental ammonia-soda factory of Dyar 
ind Hemming (1838S) had proven more or less a fail 
ure, as well as the experiments of Deacon and Gaskell 
ISd4) and of Schlising and Rolland (1855) in Tetaux, 
the Belgian chemist and engineer, Ernest Solvay, took 
up the idea again, invented the mechanical appliances 


for carrying out the reaction, and succeeded in placing 


monia-soda process on a commercial par with the 


(1861) 


the at 
LeBlane soda 
Printing Presses and Textile Machinery 


process 


revolver printing press was in general use 


introduced his stereotype perfecting press 


in this decade This cut the sheets from a web before 
they went to the printing cylinders Between 1862 and 
Ist4 Andrew Campbell put out the first cheap cylinder 
press, the “Country Campbell,” by means of which small 
newspapers were liberated from the Washington hand 
i Camp! then built his two-revolution printing 
machine IS65-IST0), which has since become the stand 
ard wre throughout the world 

fn iSO7 Snell and Bartlett patented their mechanical 
let-off fo important improvement in textile 
machiner) Phe principle of this warp let-off was to 
actuate the irge warp beam containing the warps at 


the rear of the loom by a ratchet and pawl connection 


illating lay, the movement of this ratchet 
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being controlled by the 


mechanism 





and pawl-actuating 

tension of the warps. This form of let-off, with little 

improvement, was applied to cotton looms up to ISSS. 
It was in this decade that Geor Pullman introduced 

the Pullman car He improved it rapidly year by year. 


In 1IS6G7 he devised the combined drawing-room car, 


which could be converted into a sleeper at night. 


An Early Submarine. 
1775 built the first practical submarine 


Fulton in 1S01 


Bushnell it 


employed the usual vertical 
Although 


vessel in 


boat, and 
Bauer, a 
1850, no 


rudder and a horizontal rudder 


Bavarian, constructed a submarine 


ubstantial advance was made until Bourgeois and 


Brun completed Le Plongeur” in 1864 Her novel fea 


ture consisted in her compressed air system for under- 


water propulsion, which worked satisfactorily ; but her 


submerged control was bad. She had an additional 
bout, carried in the superstructure, inte which her crew 
could enter through double hatches, then release this 
small boat and ascend to the surface in case of an 


emergency 

Shoe Machines Appear. 
ISSS marks the beginning of the wonderful 
then it that 


sewed the 


The year 


modern shoe machine industry, for was 


Lyman R. Blake invented a machine which 


soles of shoes to the uppers ‘he machine was financed 
Gordon MeKay and became known as 
The first 
William 
and 


and improved by 
the MeKay 
introduced in the 
Mass., in 
This 
is responsible for 

Is62 Au 


machines were 
& Sons, 
foot 


other, 


sewing machine 


factory of Porter 


Lynn, IS61 or 1S62 were run by 


power invention, probably more than any 


revolutionizing the manufacture of 


shoes In guste Destouy invented a machine 


with a curved needle to sew turn shoes, which was im 


proved by Daniel Mills in 1869. This machine was 
adapted by Charles Goodyear to the sewing of welts. 
Goodyear patented his machine in S71 and 1875. These 


patents were the foundation of the famous Goodyear 


welt system of manufacturing shoes. 

How the Modern Typewriter Was Evolved. 

A marked advance in typewriting machines was made 
Alfred Ely Beach, Editor of the Scien 
AMERICAN and one of the founders of Munn & Co. 


in IS56 by Mr 
TIF 
This 


of embossed 


for the printing 
could 
the typewriter. It em 


machine was primarily intended 


letters for the blind, but also be 


adapted to the general uses of 
ployed pairs of dies to imprint characters on a narrow 
These 


swinging to a 


ribbon of paper were ranged about a circle, 


each pair common center, much in the 


manner of the modern typewriter 


During the winter of 1866-1867 C. Latham Sholes, a 


printer and editor by trade, and Samuel W. Soulé, also 


a printer, inventor and farmer, were engaged together 


in developing a machine for serially numbering the 


pages of blankbooks At the shop where they were hav 


ing their work done Carlos Glidden, the son of a sue- 


cessful ironmonger of Ohio, was also engaged in devel 


oping a mechanical “spader” to be used instead of a 


plow. Glidden became interested in Sholes’s machine 


idea of devising a mechanism which 


and suggested the 


} 


would not only write numbers, but also letters and 


of the ScrENTIFIC 
Glidden It de 


type), 


words In the following year a copy 
hands of Mr 


machine called the pterotype 


AMERICAN fell into the 


scribed a (winged 


invented by John Pratt, which was designed to do just 


what Glidden had suggested. This article was brought 


to the attention of Sholes Glidden, Soulé, and Sholes 


formed 


Gliddet 


eventually a combination to develop a practical 


machine contributed suggestions; the first 


crude model was largely the work of Soulé, who sug 


gested the pivoted types set in a circle and other minor 


details; Sholes contributed the letter-spacing device 


By September of that year the first machine had been 


made It was a success in so far as it was able to 


write accurately and with fair rapidity: but it was not 
One of the 
on the machine reached James Densmore of Meadville, 
Pa He 
chased an interest in it. 
March, 1868 He 
pointing out 


yet a commercial machine letters written 
was attracted to the new enterprise and pur- 
He did not see 
further 


the typewriter 


until urged improvements, 


many defects. Soulé and Glidden dropped 
to Sholes and 


Sholes 


out of the enterprise and left it entirely 


Densmore. Inspired by Densmore, made model 


after model. At last by 1873 the machine had been de- 
that it was felt it 
and that end in 

ISTS to the gun factory of E 
Ilion, N. Y At the 


further 


veloped so far could be manufae 
Densmore came in 


& Sons of 


tured, with view 


Remington 
factory of the Remingtons the ma- 


chine was developed and was finally 


IST4. 


typewriter began to work its way into every 


placed 


upon the market about the middle of From that 
time on the 
business house, until now 


very few business letters are 


written by pen. 
1865-1875 

Modern engineering is 

footing in this decade ; 


electrical placed on a sure 
for we find not only the dynamo 
and the motor vastly improved, but new applications of 
the electrical current. 

In 1869 Z. T. ring 


Gramme combined the Pacinotti 
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armature, which he had reinvented quite ignorant of 
the Italian’s pioneer work, with the Siemens dynamo, 
Hence he constructed what is considered to be the first 
machine for delivering a 


dynamo-electric continuous 


direct current. Who first discovered the modern dyna- 
mo it is hard to determine. Certainly the correct prin- 
ciple of the dynamo was set forth by Werner von Sie. 
mens. In 1877 he found that the mass, form and mag- 
netic property of the magnetic parts reinforced one an- 
other to a certain maximum when properly designed, 
and built a dynamo-electric machine in which he used 
a double T A fortnight later Charles Wheat- 
stone published the principle of the dynamo. 
Wheatstone Cooke had experiments in 
1845 with a magneto machine in which electromagnets 


armature, 


and made 


were substituted for the previously used horseshoe 
magnets. The same idea was practically applied by 


Henry Wilde in 1867 to construct an alternating current 
machine. Between two rows of electromagnets of oppo- 
site polarity a correspouding number of armature spools 
with iron coils rotated. 

H. Fontaine and Z. T. Gramme exhibited the prin- 
ciple of from an 
ator to an electric motor at the Viennese Exposition in 


1873. 


power transmission electric gener- 


In telegraphing the decade is memorable for the in- 
vention by Edison of his duplex system and his quad- 
system, for the laying of the first 
Ireland to Newfoundland through the ef- 
Field, John 


ruplex and cable 
(1866) from 
forts of Cyrus W. Pender and James An- 
derson. 
Some Mechanical Marvels of the Sixties and Seventies. 
Mechanical marvels in their day were machines to 
which we have become so accustomed that they are ac- 
cepted as a matter of course. It was considered re- 
markable. and so it was, when Jacob Reese, an Ameri- 
ean inventor, in built a machine for cutting 
iron and steel with rapidly rotating disks of soft iron. 
The technical press of 1872 commented with admiration 
on A, file-making machine, which, in imita- 


tion of hand labor, applied chisel and hammer separ 


1S75 


Brandon's 


ately, but which, however, could be used only for mak- 

It was improved by Maurice Mondon of 
IS74, so that filing 
The modern machine, however, was invented 
by Disston of Philadelphia. The idea of rolling instead 
of forging files was carried out in 1864 by B. H. Dodge, 


ing flat files. 


London, in convex surfaces could 


be made, 


who constructed a machine for that purpose. 

Most wonderful of all knitting ma- 
chine, built by Lamb of Valparaiso, Indiana, in 1866. 
This machine was afterward improved by Dubied and 
Watteville. It stocking without 
whatever. 

Benjamin C. Tilghman invented the sand blast in 1871 
His invention was afterward 


was the rotary 


makes a any seam 


for producing mat glass. 
introduced into the iron and stone industries. 
Tilghman is also to be credited with the invention of 
chemical wood pulp, although ground wood pulp had 
been known since 1840, when Friedrich Gottlob Keller 
took out patent in Germany for a wood pulp 
grinding machine; the process of manufacture was not 


letters 


developed and applied for producing paper suitable for 
later date. It 
used commercially about the time of the discovery by 


newspapers until a much began to be 


Benjamin C. Tilghman of the disintegrating action of 
sulphurous acid upon wood, which resulted in the in- 
(1866). After Tilgh- 
man in America had pointed the way, George Fry and 
his collaborator. Ekman, developed at Bergvick, Sweden, 


vention of chemical wood pulp 


cellulose of 
solution of 


the process of separating the wood by 


boiling it under pressure in an aqueous 


sulphur dioxide in which magnesium sulphite was dis- 


solved. The Ekman process, which was first worked 
in the liquor used for cooking wool, consisted of an 


acid solution of magnesium sulphite, the magnesia being 
obtained by burning magnesite imported from Greece. 
Advances in Metallurgy. 

In 1862 Joseph Moore of San Francisco brought out 
the California stamp mill, which became of great im- 
The dry which 
air is employed for the separation of minerals was in- 
1868 by Stephen R. Krom. Another im- 
provement which meant much to the mining industry 


portance in mining. concentrator in 
troduced in 


was Dingey’s mineral mill (1872) consisting of a slowly 


revolving horizontal slotted plate over which four 
notched disks rotated in the opposite direction. This 


machine proved twice as efficient as the stamp mill. 
George Bedson of Manchester in 1867 invented a con- 

He was the first to roll out 

metal bars weighing one hundred pounds into wire at 


tinuous wire rolling mill. 


the rate of eleven tons a day. He arranged his rollers 
in alternate vertical and horizontal pairs. 
Westinghouse and the Air Brake. 
Railroading received a great impetus by 
Westinghouse’s invention of the air brake. It was in 


George 


1875 that he brought out this the first successful inven- 
tion of the kind and one which made high speed railway 
Year by year Westinghouse continued 
to improve the brake, giving it his personal attention 
until far into the twentieth century. 


travel possible. 
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Another railway development of importance was the 


advent of the automatic block signal system (banjo 
signal) invented in 1871 by Thomas J. Hall, and soon 
signi 

widely adopted in the United States of America. 


ention attracted but little attention at 
but which was the beginning of the reinforced 


Then it was that 


An iny which 


the time, 
industry, appeared in 1867. 


concrete 
Jos¢ Monier patented a method of making flower pots 
out of cement with a reinforcement of iron netting. 


This seems to be the first instance of the utilization of 
concrete. In additional taken out 
and 1875, Monier extended the principle 


reinforced patents, 
in 1868, 1875, 
to bridge staircases, railway sleepers, and the like, 
thereby proving that he was keenly alive to the pos- 
sibilities of his discovery. 

The first great modern vacuum ice machine (the prin- 
ciple was proposed as early as 1810) was exhibited by 
the 1867. In 


water was used as the vaporizing fluid 


Edward Carré at Paris Exposition of 


this 
and concentrated sulphuric acid as the absorbing fluid. 


machine 


In 18723 Lowe and White invented the modern water 
gas process. They blew steam into a layer of red hot 
coke and carbureted the resultant gas with oil. An- 


other improvement in the art of illumination was that 
of C. Tessié du Motay, who invented the zircon light 
in 1867, in which a pencil of zircon was heated to in- 
Clammond, in le -, hit 
incandescence 
forerunner of 


candescence in a gas blowpipe. 
upon the idea of 
in a blowpipe. In a 
Welsbach 


magnesia to 
the 


bringing 


sense he was 


Some Important Inventions in Industrial Chemistry. 


Important advances were made in industrial chem- 


istry. After Parker of Birmingham and Daniel Spiller 
had independently endeavored in 1862 to make utensils 
nitrocellulose, suc- 
1869 


of a 


i 


dried solution of but without 
S. Hyatt discovered in that 
a solvent for various kinds of nitrocellulose and 
established the great modern celluloid industry. 

Dynamite was invented in 1867 by Alfred Nobel. He 
powers of 


cess, J camphor is 


thus 


the extraordinary absorptive 


the infusorial earths for nitroglycerine. 


discovered 


Madison improved the bicycle in 1867 by providing 
it with radial wire spokes. This was the basis of Rey- 
pard’s tangential spokes (1883) now used on all bicycles. 


Halstead of Newark, N. J., 
a submarine vessel still to be seen at the Brooklyn Navy 
This vessel, the “Intelligent Whale,” had a trap 
After 


filling the entire vessel with compressed air to the depth 


In 1866 O. S completed 
Yard 
door. which opened in the bottom of the vessel. 
of submergence the trap door was to be opened and the 


whole vessel converted into a diving bell. The craft 


Was never put into commission. 
Tunneling Under New York. 

On September 5th, 1865, Alfred Ely Beach, editor of 
the ScieNTIFIC AMERICAN, patented a plan for convey- 
ing letters and parcels by mechanical means directly to 
Post Office from a lamp-post letter-box. In 
learned of the success of experi 
Britain, through 
which small cars carrying merchandise and persons in 
There- 


a Central 
the following year he 


mental pneumatic tubes in Great 
a sitting position were successfully operated. 
invented a plan of dispatching letters pneu- 
matically. X-shaped 
were intended to catch the letters as they were dropped 


from above, and to hold them until the pneumatic car 


upon he 


revolvable valves in lamp-posts 


came along, into which they were emptied automati- 
cally. This system was patented November 13th, 1865. 
He built a model which was exhibited at the Ameri- 
ean Institute Fair in the autumn of 1867. A company 
called the Beach Pneumatic Transit Company was 
then organized to lay pneumatic tubes under Broadway 
and the East River for the transmission of mail and 
parcels. In order to tunnel under Broadway, the mod- 
ern tunneling shield, suggested as early as 1824 by 


The shield was pushed 
hydrau- 


Brunel, was practically applied. 


forward in a modern way by a series of 


lic rams, which system Mr. Beach patented June 8th, 
1869. With this shield a tunnel was driven under 
Broadway from Warren Street te Murray Street. A car 


Was propelled through this tunnel by means of a blow- 
er, the suck tie car 
back when it had reached the end of its travel. 


blower being reversed so as to 


The Elevator is Improved. 
Almost simultaneously with the steam elevator ap- 
the which in 
form was a ram located under the carrying platform, 


peared hydraulic elevator, its simplest 
Which was moved up and down by water under pres- 


sure, working in a closed cylinder. This system of op- 
eration was first put into practical use in TS72. 

After many vicissitudes the hydraulic elevator was 
improved, and is now in use in many modern buildings. 
Following this type came the geared hydraulic, in which 
the ram became a piston, which was attached to the 
moving element of a system of multiplying sheaves, over 
which the elevator cables were passed, thus enabling a 


short cylinder to effect a high lift. Hydraulic ele- 


vators were greatly developed between 1880 and 1890, 
during which time they almost entirely displaced the 
steam operated variety, and further developments were 
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made from 1890 to 1900, when the height of buildings 
began to increase rapidly. 

With the increased height came a demand for greater 
speed, but although this requirement was well met by 
the hydraulic, it had the objection of being uneconomi- 
cal of space, and the plunger type increased greatly in 
cost with increased lift. The natural result of these 
conditions, which were steadily progressive, was to 
suggest electric power for operating all kinds of eie- 
vators, and the first electric elevator was installed in 
1887. The first successful electric passenger elevator 
was built in 1889 by Otis Bros. & Co. and installed in 
a building on Fifth Avenue, New York. This was of the 
drum type, and while occupying little space this con- 
struction was ill adapted for buildings 400 to 500 feet 
of the enormous size of the drum 
necessary to wind the hoisting cables. These conditions 
led to the introduction in 1906 of the electrically oper- 
ated traction machine, which was located directly over 
the elevator shaft, and includes the driving sheave. The 


high, on account 


car is suspended from one end of the cable, and a coun- 
terweight from the 
driving sheave, thence around an idler and again around 
the driving sheave, thus forming a complete loop around 
two The driving sheave is operated 


other. The cables pass over the 


these sheaves. 
through a worm gear by a moderate speed electric mo- 
tor. By this arrangement the hoisting cables are given 
sufficient grip on the traction sheave to lift the load, 
while the machine is compact, economical of operation 
practically the of high lifts at 
satisfactory speed and with perfect control. Another 
type of machine widely adopted is an improvement of 
the geared traction model by eliminating the intermedi- 


and solves problem 


ate gear, and driving the traction sheave direct by a 
highly efficient low-speed electric motor, and this style 


of machine has been almost universally adopted for 

















Ottmar Mergenthaler and his first commercial 
linotype. 


skyscraper service; and in fact it is due entirely to the 
made in machinery that the 
skyscraper has become a possibility. 


1875-1885 


If there is one invention that can be said to stand 
out more than any other in this wonderful decade, it is 
the incandescent lamp, not 
only Edison’s most brilliant success, but one of the great- 


improvements elevator 


invention of the electrical 


est technical achievements in the annals of invention. 
Edison owed his success to clear thinking and hard 
work; for many another had been at work along the 


Edison brought his elaborate investigation 
of various possible filament materials 
in 1879, or at least to a point where practical results 
In that year he substituted car- 


same lines. 


to a conclusion 


might be expected. 


bonized bamboo fiber for other filament materials. He 
was the first to recognize the fact that the filament 
must have a very high resistance to be efficient. His 


installation of one hundred and fifty incandescent lamps 
on the steamship “Columbia” must be regarded as the 
first practical illuminating plant in history. The gen- 
eral introduction of the incandescent lamp followed the 
startling exhibit Edison made in Paris in 1881. 

The Edison incandescent lamp patents proved a fruit 
ful source of litigation, but were sustained. Among the 
inventions anticipations were 
Sawyer’s lamps (held to be included in Edison’s claims) 
and the Jablochkoff “candle,” which was invented in 
1876 by the Russian engineer whose name it bears, and 
which was remarkable chiefly because it showed the 
possibility of what may be called the sub-division of 
light. 

The problem of distributing current was certainly one 
of great practical difficulty and one which had to be 


unsuccessfully cited as 








solved before electricity could be made cheaply avail- 
able. It is impossible to place the credit for the solu 
tion where it belongs. Edison certainly solved it, and 
so did Weston, both hitting on the idea of the three-wire 
system. 

While Edison was busily engaged in perfecting the 





incandescent lamp, Charles F. Brush was experim 

ing with ares. In 1878 Brush gave to the world the 
now famous Brush electric are light, which was first 
adopted by the municipality of Cleveland. The light is 


still in service in essentially its original form. 

In 1878 Charles F. Brush introduced his famous com 
pound dynamos. Edward Weston’s dynamos, too, were 
among the earliest in the market. 

Gaulard and Gibbs 


(1880) worked 


distributing aiternating current at 


system of 
high They 
utilized induction coils, which were transformers, but 
which they called generators.” 
transformer was one of the first steps which rendered 


out a 
tension 
“secondary 


rhis earty 


great distances 


it possible to transmit electric energy t 
The term transformer came into use in 1SS2 when Karl 
Déri and Karl Zipernowsky showed that by arranging 
the Gaulard secondary generator in parallel and by bet 
ter distributing the windings and iron masses the 
tical requirements of every distribution system would 
be more fully 


nrac 


met. Transformers revolutionized alter 
nating-current engineering and opened up an 
new field. 

The which 
transmission from a station of high potential and th 
reduction of the potential in the secondaries of trans 
formers, worked upon in a small 
Franklin Institute in Philadelphia in 1879, and in 
ruary of that year Prof. Elihu Thomson ran tw: 
formers by an alternating dynamo of his own construe 
tion, the fine wire primaries of the transformers 
connected in parallel with the dyname line and the see 
ondary currents of low potential used in doing local 
work. 


entirely 


modern transformer involyes 


system, 





was way at the 


trans 





Later on this pioneer work was taken up (espe 
cially after satisfactory safety devices had 
duced by him) and patent 698,156, applied for on No 
vember 2nd, 1SS5, through the fire of 


ences from applicants here and abroad, and finally was 


been ore 


went interfer 


issued with broad claims. In fact, an epitome of mu! 
tiple are distribution systems may be found in the ree 
ord of interferences and other procedures in which this 


patent was involved. It was issued, after a long con 
test, in 1902. 

Another electrical worker in this wonderful decad 
was Edward Weston, a pioneer who did much to ias 


the foundations of the present electrical industry He 
it was who placed the art of electroplating on a 
scientific footing. In 1872 he substituted dynamos for 
batteries in plating, and that at a time when dynamos 
and the distribution of electric current 


really 


were still em 


bryonic. His work in the development of the dynamo 
has never been fittingly recognized, especially his intro 
duction of the laminated core in 1879. In 1874 he 
brought out his are light dynamos, and from ISSO on 
he developed dynamos for incandescent lighting and 
power. Before his day it was the practice to run each 


are light from a separate dynamo; he showed, probabts 
for the first time, that are lamps could be run in series 
from a single generator. 


As early as IS7S he devised 


and patented the flaming are. He also described the 
cored carbon about the same time. He was the first to 
make are lamp carbons in great quantities and the first 
to copper-plate them. 
field of 


producing a 


From 1875 on he worked in the 


incandescent electric succeeded in 


lighting, 


homogeneous carbon filament, and de 


vised the hydrocarbon treatment process in 1S75-1876 
He was one of the first users of the electric are 
in an industrial ; for he 


melt platinum. 


furnace 
way used it in IS75-INTE ft: 
realized 
instruments 


Weston early that accurate electrical 
vital necessity in 


To him belongs the credit of 


meus 


uring were a electrical 


engineering. having de 
vised, after infinite pains, simple electrical meters which 


made the measuring of 


volts and amperes as easy as 
reading the diai of a groceryman’s scale 


To make light, portable, accurate instruments in 


volved the discovery of alloys which would avoid the 
necessity of making correction calculation Ile gave 
the world manganine, an alloy combining a very small 
temperature coefficient and a high resistance Hie also 


gave the world several alloys with negative tempera 


ture coefficients. 


In 1884, at the first American Electrical Exposition 
in Philadelphia, Frank J. Sprague made a sensation 
with his new motors. They not only gave a tremen 
dous stimulus to central station development; as a 


of electrical 
electrical 


source of supply energy, but set going a 


furor as to traction. Sprague’s 


motors for industrial power are in use to this day 


stationary 
The 
year 1887 marks an epoch in electric traction throne! 
out the world. Sprague’s first real street 

that for St. Joseph, Mo., but the vital point was 
when he 


railway 

rene hed 
took a contract 
Richmond, Va., with no fewer 


All was crude, but the gual had been reached, 


to equip and operate a new 
system at 


cars. 


than forty 
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New York in 1876 


and with one great mighty leap the trolley came into 
its Ow 


The Advent of the Telephone. 


Never before did electrical inventions of great value 
follow one nother so rapidly Indeed, it was the 
decade of electricity Alexander Graham Be invented 
the telephone (1S76), which instrument was rapidly de 
veloped In IST77 Emil Berliner patented the micro 


phone transmitter, based upon the principle discovered 
by Du Moncel of altering the resistance of two conduc 
tors by pressure In the same vear Edison constructed 
his carbon telephone ro Berliner and Edison belongs 
the credit of having made the telephone a commercial 
invention 

An electric railway was built for the Berlin Indus 
trial Exposition (1879) by Werner von Siemens. Here, 
for the first time, an electric current from a permanent 
source was led through a conductor running alongside 
of the track. The first public electric railway was that 
built in ISSL by Siemens and Halske running from the 
Lichterfelde 


In 18S5 the Thomson-Houston International Electric 


Anhalt railway station in Berlin to 
Company introduced the principle of using the rail to 
return the current and also the now familiar motor 
mans controller for regulating the speed of the car 
John Hopkinsor 


alternating currents in ISS4 at the 


made his classi experiments with 
South Foreland 
Lighthouse, as result of which he laid down the con 
ditions under which two alternators may be operated 
in synchronism In the same year Elihu Thomson dis 
cussed the electro-inductive repulsion exerted by alter 
nating current magnets on copper disks. Two years 
later he built his repulsion motor In 18S5 Ganz & Co 
built an alternating-current dynamo (Déri-Zipernow 
sky’s patent This was probably the first alternating 
current machine for central station use connected in 
parallei All this was based on the work done by Wilde 
in 1868S, by Marcel Déprez, and, above all, by Hopkin 
son 

In ISS5 Galileo Ferraris built a motor, consisting of 
a pair of electromagnets, sepplied by alternating cur 
rent differing by 0 degrees in phase, so that the in 
terior rotary portion was set in motion, thus showing 
that it was possible to split a given alternating current 
into two parts, the one having a resistance free from 
induction, the other having self-induction As a rotary 
motor armature, Ferraris employed a hollow closed 
copper cylinder 

Elihu Thomson’s Inventions. 

The Thomson-Houston are lighting system began with 
the invention of the are dynamo in 1IS79, which was 
patented in 1880. The specification originally filed 
related not only to a direct-current machine, but also 
to a threé-phase alternator with collecting rings The 
machine is, in fact, the first example of a three-phase 
machine with or without commutation 

The Thomsor-Houston constant current regulator, 
patented in ISS81 and 1SS3, had a profound influence on 
giving the Thomson-Houston system an early start in 
the industry, as if maintained a definite value of cur 
rent from a series line, no matter how many lights 
were in use This regulator had a very extended use, 
and in modified form survives to-day 

Another pi 


meer element in the Thomson-Houston are 


dynamo (1SS82 and 1SS3) was the air-blast, which over 


came the difficulty of short-ciret.ting across the com 


—— 


The Brooklyn Bridge is in course of construction. 


been invented. 


mutator slots, known as “flashing.” These invertions, 
also, are prototypes of oil switches and switches fur 


nished with air-blasts for extinguishing ares 














Elisha Graves Otis, inventor of the passenger 
elevator. 























The steam elevator of 1870. From a contemporary 
engraving. 


The magnetic blow-out system so generally employed 
was first developed with the Thomson-Houston enter 
prise, and it has had a profound influence on all forms 


New York’s skyline would be essentially the same to-day had the passenger elevator not 


of contr ipparatus, arresters, ete t is found in first 
forms in patent 283,167 of August 14th, 1SS5. A strong 
magnetic field is employed for disturbing or extinguish- 
ing the are formed when electric contacts are opened 
and when considerable voltage and considerable current 
are flowing. This principle is now employed on a very 
extended seale and is likely to be employed still more 
in the future Most electrical engineers are familiar 
with its present relation to the art. 

When incandescent lamps are run in series, one with 
the other 


which suspend them are provided with film cut-outs, 


street lighting cirenits, all the sockets 


that is, a film of insulation is so placed in shunt to the 


lamp that when the lamp cuts out or is removed, the 
film is punctured, and thus a safety short-circuit is 
made around the lamp This appears in connection 


with the series lamp in Thomson's patent dated Sep- 
tember 16th, ISs4 For similar purposes vacuum cut- 


outs were vented and have attained a certain amount 


of use in recent times, and the prototype is 307,818 of 
November 11th, 1SS4 

Camille Faure improved Planté’s accumulator in 1SS2 
Planté 
formed his super-oxide of lead after charging; Faure 


by inventing the pasted type of storage battery 


used a compound of lead oxide and lead super-oxide, 
which he ipp ied directly to the negative electrode. 

In iSSS Gaston Tissandier built the first electrically 
driven dirigible airship. Much more important were the 
experiments of Rénard and Krebs of 1884. Theirs was 
the first really intelligently designed airship from the 
modern standpoint. The propeller was driven from a 
dynamo; the envelope was remarkable for its approxi 
mately correct aerodynamic form 

In 1883 Sir Hiram Maxim invented his automatic 
ng machine gun, in which he utilized the 
force of the recoil to reload the weapon as well as to 
fire it automatica Most modern machine guus have 
been based upon this early weapon of Maxim's 

Edison’s Remarkable Activity. 

The decade was the most active in Edison's remark 
able career. He perfected his motograph, his automatic 
telegraph systems, his duplex, quadruplex, sextuplex 
and multiplex telegraphs. Of these, the quadruplex 
system of telegraphy is of almost inecaleulable impor 
tance It may be safely said that its invention ren 
dered the high-speed printing telegraph commercially 
unnecessary until the present time. To the same decade 
belong his microtasimeter, parattin paper, and carbon 
rheostat In IS77 the phonograph appeared, one of his 
most original and brilliant inventions Its first pub 
lic demonstration was in the office of the ScreNTIFIC 
AMERICAN in the same year. Two years later he brought 
out his dynamo electric machines, which he designed 
especially to meet the need of a simple efficient 
means of generating current for his incandescent lamps. 
In ISSO he began his work on magnetic ore separation. 
Then followed (1SS0-1SS2) the first full-size experimen 
tal electric railway in this country for freight and pas 
sengers at Menlo Park, N. J. Not content with invent 
ing, he started to exploit the incandescent light com 
mercially (1881), built the first commercial lamp fae 
tory at Harrison, N. J. (1881), and organized shops for 
the manufacture of dynamos, underground conductors, 
sockets, switches, and fixtures 
How the Newspaper Printing Press Was Improved. 
Andrew Campbell, famous for his printing press im 














New York's skyline in 1914, 








An architectural tribute to the influence of the elevator in the development of the metropolis. 
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1S75 developed a press which used 


rovemel! 

sai pe plates and printed on both sides of 
the web itself Later Campbell added a folding ma- 
chine. Next he built a double printing machine, each 
half of which contributed a perfected web to a folding 


machine common to both, whereby he was able to turn 


out an eight-page pape! Stephen D. Tucker, an inven- 
tor in the employ of Hoe and one of the most brilliant 
mecha nic that this country ever produced, aiso in- 


vented a folder. He applied for a patent (1875) ; Camp- 


bell did not. Hence, one of the most valuable improve- 


ments in printing presses fell to the Hoes At about 
the same time Tucker invented another device essential 
to the modern newspaper press—the collecting cylinder, 
by means of which the product of one circumferential 
half of a printing cylinder may be transposed upon the 
product of the following half, and thus the two brought 
together as a single product. Two Englishmen, Anthony 
and Rose, conceived the idea of splitting a web of paper 
into two longitudinal halves and transferring one half 
over and upon the other by means of deflecting bars, so 
that the right-hand product of a printing cylinder could 
be superposed upon its left-hand product and the two 
This invention is now ineluded in 
Another 


improvement came when Ford patented a means for 


made up into one 
all double-width newspaper printing presses 
running the product two printing machines into one 
folding machine 1 r 


tary folder of Campbell (or 
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steam engine for tram cars, which engine was after- 
ward used in automobiles. The engine was based upon 
the principle that only enough steam was admitted at 
each stroke to drive the piston to the end of its travel. 
A flash boiler was employed. It was not until the 
American, Stanley, came to the front with his tubular 
boiler that the steam automobile really came into its 
own. White, another American automobile designer, 
compromised between the principles of Stanley and Ser- 
pollet, by designing his semi-flash steam generator, 
which was successfully used. 

But the crowning invention in engines was the steam 
turbine In 1884 Charles Algernon Parsons of New- 
castle-on-the-Tyne invented his multi-cellular turbine, 
which utilizes steam first on the action and then on 
the reaction principle. His was the first steam turbine 
which could be directly coupled with a dynamo. 

In the same year Pelton, an American, invented the 
Pelton wheel, in which cups are used instead of blades, 
the cups being so designed that they utilize the force 
of the impinging water to the utmost. 

Mergenthaler and His Linotype. 

For many decades inventors had endeavored to sup 
ply a satisfactory machine which would rapidly set type 
and which would enable newspaper proprietors to turn 
out papers more rapidly than was possible with hand 
composition. It was not until 1SSS8S that such a ma- 





Tucker), the collecting ¢ 
inder, the angle bar method 
and the double pres 


rangement ill very neces 


pans rhe ere 1 com PHONOGRAPH 





and had to work from pat 
terns or models With no 
knowledge of 
sign. he invented the longi 


tudinal folder, b vhich a 


tudi vhile on the rm 
and stillin web form. About 
the ime time (1S79-1SS9) 
he ceonceived the idea of 
the rotary fly. This was the 
last device nece te 
creat fa 24(kXt-coples 
an hour printing pre ind 
when it was introduced (in 
the eul eighties) the ro 
tary newspaper printing 
press in all its elements 
became the machine it is 
to-day 
What the Inventor Did 
for the Miner and 
Iron Founder. 
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“monotype,” invented by Lanston, which has found its 
field more in the book and periodical printing office. The 
monotype consisted of two independent mechanisms, the 
one a keyboard by means of which the operator waa en 
abled rapidly to perforate a paper ribbon with holes 
which represent characters, and the other a type-casting 
mechanism to which perforated tape thereafter was fed. 
The latter device comprised a movable frame in which 
the matrices of 225 characters were fastened, a type 
mold, automatically adjustable to suit the various 
widths of the characters of the alphabet, with which a 
metal pump was connected, and pneumatic mechanisms 
for controlling the position of the matrix-carrying 
frame, and the width of the type mold. To these was 
added a general mechanical organization which enabled 
the perforations of the ribbon, by means of air, aa it 
was drawn through the machine, to place the metrix 
frame properly and set the mold for each character 
needed, while the pump and co-operating parts acted to 
cast the character and place it in its correct pesition in 
a tray, or “galley,” at the rate of 150 characters a 
minute 
The Invention of the Automobile. 

The first really successful modern volatile hydrocar- 
bon automobile appeared in 1883. It was designed and 
built by Gottlieb Daimler. His success seems to have 
been due very largely to his automatic hot tube igniter, 

which was soon used for 

both stationary and port 

my able internal combustion 

motors. George B. Selden 
of Rochester, N. Y., applied 
for a patent on a volatile 


ELECTRIC LOCOMOTIVE, 


MENLO PARK, 


hydrocarbon automobile in 
1682 





IS76, but never built a car 
until he became involved in 
patent litigation many 
years later; but to Daimler 
must be conceded the credit 
of having given us the mod 
ern automobile as we know 
it. Much credit is also dus 
to Karl Benz of Mann! 
who in 1885 built the first 





four-cycle volatile hydro 
earbon motor with electric 
ignition, which motor he 
mounted on a trieyele. Al 
though he designed this in 
1885, he did not exhibit it 
until 1888, and then at the 
Industrial Exposition of 
Munich. 

Improving the Submarine 

Boat. 

In 1876 J. FP. Holland 
built a submarine vessel 
(the “Fenian Ram"), fol 
lowing the Fulton system 
of control by vertical and 
horizontal rudders. She 
was fitted with an air gun 
which could be discharged 
under water, and was prob 
ably the first submarine 
torpedo boat, if we give the 
word torpedo its largest 


significance. Holland was 





preceded by a year, how 





Important progress in 
metallurgy was made. 
After M. J. Holway had 
made experiments in b 
semerizing copper (18% 
1878), following the experiments of Semennikow, M. J. 
Brown of Sheffield succeeded in blowing Rio Tinto ores 
in Bessemer converters 

The modern Otto by-product coke oven, an improve 
ment on that of Bauer and Hoffmann, was introduced in 


ISSO. Otto’s system has served as the inspiration of 


most later designers 

Alexander and MacCosh invented the so-called Gart 
sherrie process for obtaining ammonia and tar from 
blast furnace gases. The first proposal to utilize waste 
blast furnace gases for the generation of power seems 
to have been made by Josef von Ehrenwerth in 1883. 
Wilhelm Michaelis in 1876 made discoveries which 
showed that blast furnace slag could be added to Port- 
land cement with advantage 

The first two-cycle gas engine appeared in 1879. It 
Was the invention of Clerk and was distinguished by 
its separate compression pump, which charged the 
working chamber and also acted as a seavenger. The 
first gus engine for locomotives was built in the same 
year by Marcel Déprez. The gas was compressed in a 
suitable container, and after having been allowed to 
work expansively like steam, was mixed with air, ex- 
ploded, and thus made to do work again. 

Improving the Steam Engine: The Steam Turbine 

Appears. 
In 1880 the French engineer, Serpollet, constructed a 


Some of Edison’s work in the decade 1875-1885. 


chine was invented. It was the invention of Ottmar 
Mergenthaler, and it worked on an entirely new prin 
ciple. Instead of seeking to set the types and after their 
use to distribute them among their respective receptacles 
in order that they might be automatically composed—the 
principle on which preyious inventors had worked 
Mergenthaler composed the type-matrices, and from 
these cast, as a single piece, a line of characters. Hence, 
his machine was called a “linotype. Mergenthaler’s 
matrix was of brass, flat and rectangular, having a 
V-shaped notch cut deep into its upper end, the edges of 
the notch being lined with small hook-like projections. 
These projections were arranged to act like the convo 
lutions of a flat lock-key; because of them a matrix 
could drop from the V-shaped ward bar, from which it 
hung during its automatic distribution after use, only 
into its own reservoir or channel of the matrix maga 
zine. The convolutions of all the matrices of each char- 
acter were alike, but those of no two characters were 
the same. The matrices were allowed to drop into their 
proper places in a line in response to the working of a 
keyboard. They were automatically justified, trans 
ported to the casting mechanism and pressed against 
the mouth of a slot or mold filled at the proper mo 
ment with molten type metal. After that the matrices 
were returned to their respective magazines. 

On the heels of the linotype came another device—the 


ever; for in 1875 Garrett 

of England brought out a 

vessel which was propeiled 

hy a steam engine, steam 
being given off at gradually reducing pressures. Later 
Garrett became associated with Nordenfeldt, who added 
new ideas, among them down-haul screws carried amid 
ships either side of the vessel to haul her under water. 
By varying the speed of the side propellers the depth 
of submergence could be controlled. Nordenfeldt buiit 
submarines for Turkey, Greece, and Russia. In these 
internal torpedo firing tubes were fitted for the first 
time. 

In 1880 Alexander E. Brown installed the first me 
chanicai ore unloader to take ore from the hold of a 
boat and deliver it either to cars or to stock plies with 
out rehandling, an invention that marked the first step 
in the remarkable American system of ore handling. No 
radical improvement in the principle of ore uploading 
was made for nearly twenty years. 

Paper Pulp and Its Preparation. 

During this process the Ekman paper-pulp process 
was markedly developed Mechanical difficulties sur 
rounded the operation from the start, though the qual 
ity of pulp produced was excellent. The digesters in 
which the wood was cooked were lined with lead and 
the heat developed in the acid liquor proved to be ex 


ceedingly disturbing, as while the lead expanded during 
the application of heat, it did not contract again when 
cold. The cost of repairs to digesters necessitated by 


the behavior of the lead lining was heavy, amounting 
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1885-1895 
Although the decade was not so fruitful 
ini prices trical inventions as that of 
ISTS-ISS5, it did bring out much that was 
new al startli Ss. Z. de Ferranti built 
the first erna gy current central sta 
tion fl | remarkable for its com 
pletene juipment It served as a 
model for iter installations The year 
1ISS7 is mem ible for Tesla’s invention of 
the polyphase alternating current motor 
which made t 1 ible to transmit ele« 
trical enet ‘ mically On another 
page in ti i Mr. Tesla has told how 
this and othe ventions of his sprang 
Inte being Phe first alternating current 
I hi erating polyphase current 
eems tot ‘ built in 1SSS by Hassel 
va of offenburg In the same yea! 
Charies S. Bradley patented a two-phas« 
notor rhe first installation for transmit 
ting mouiti-pl * alternating current at 
high tension w built in 1891 by Michael 
©. von Dolivo-Dobrowolski of Berlin be 
twee Lauff ind Frankfurt 


Hertz Lays the Foundation of Wireless. 





The vear 1SSj nemorable for the pub 

ation of He h Hertz’s classic studies 
vw h experimenta proved that invisibk 
‘ troi et vaves can be sent through 
the et} “ tl eed of light waves 
I t t f the wave Hertz 
employer luctor of con 
denser-like for (Hert resonators). 
Hertz’s work marks the beginning of mod 
ern wireless telegraphy 

In 18%) Mdouard Branly invented the 


coherer, the tirst detector of the electrk 
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A typical central station in which Parsons turbines are used to drive electric 
The portrait is that of the Hon. C. A. Parsons. 
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The electric welder of Elihu Thomson. 


will weld two hundred steel 


electric weld A heavy 


while at 


current 
abutting ends of the metal pieces to be welded, thereby 
the same time prssure is applied t 


bands in an hour 
of electricity 


at 


It takes 


low 


only a 


voltage 


generating 


> 


force 
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waves employed in wireless telegraphy, 
The instrument was independently invent- 
ed by Lodge. Although it has outlived its 
usefulness, without it the art of wireless 
telegraphy might not have developed so 
rapidly. The tapper, which decohered the 


iron particles in the tube and thus ren- 
dered it responsive again, was invented by 
Popoff in without thought 


parently of its subsequent utility 


ISD5, any ap- 
in wire- 


less communication. 


The telautograph, an instrument for 
transmitting drawings and writing elee- 
trically, was invented in 1890 by Elisha 
Gray His instrument had as its essential 
feature a transmitting stylus or pen, the 
movements of which were analyzed into 
two components perpendicular to each 
other. These components varied the re- 


sistance of an electric circuit and caused 


the receiving stylus to retrace the move- 
the 


were 


stylus. Im- 


IS94 


ments of transmitting 


made il by Cero- 


provements 


bottani, Dennison, Gruhn, and Grzanna. 


Electric Welding and Other Inventions 
of Thomson. 

The Thomson electric welding 
were applied for in 1886, and were issued 
August 10th of that 
were the result of considerable work done 
before the the art 
of electric welding. Along with the devel- 
of the art 
Thomson 


patents 


on same year. They 


filing in establishing 


opment of electric welding un- 
the 
electric 
of the 
the peculiarity 
of the 


der there was also 


process 


forging and brazing as instances 


of electric 
of 
transformer 


welding transform- 
that the 


cousists of 


use 
which is 


ers, 


secondary 


only a single turn. The principal patents 
are 396,009 and 396,010, issued to Thom- 
son January Sth, 1SS9. 

The fundamentals of the Thomson re- 


motor and = repulsion 
May 


being 


apparatus 
17th, 


done 


pulsion 
were patented ISS7, 


work 


generally 
the experimental about 
May, 1885, and onward. 

In like manner, attention may be called 
relating to alter- 
includ- 


to Thomson's inventions 


nating current magnetic systems, 


the 
netism” 


ing “shaded pole’ and “shifting mag 


(1SS9 and 1890), 

this field. 
known 

the 


seen in 


pioneer inven- 
tions in 
The 


known 


well engineering device, 


“constant current trans- 


as 


former,” is its earlier forms in 
Thomson's patents, 400,515 and 400,516, of 
April 2nd, 1889. 

As the 


transformer systems now in such 


current 
extended 
ref- 
erence may be made to the pioneer patent, 
516,846, granted to Thomson March 20th, 
1894. These current transform- 
ers were based on the principle of repul- 


bearing on constant 


use, especially in are lighting in cities, 


constant 


sion discovered by Thomson years earlier, 
and they practically supplanted are light 
They are now greatly used to 
to 
where direct current is employed to oper- 
ate a series of magnetite arc lamps. They 
constant to alternating 
arc lamps, and are likely to be 


dynamos. 


supply energy mercury arc rectifiers 


furnish current 


current 


used in the future with the series high 
power incandescent lamps of the nitro- 
gen filled type. 

As an important invention which lay 
fallow for some time may be mentioned 


Thomson’s “electric air drill,” the subject 
of patent 534,730, of February 26th, 1895. 
The patent is fundamental, and practically 
covers the form in which electrical energy 
is now employed for the working of rock 
In fact, “electric air 
drill” is made under this patent. 

The 


commonly 


drills. the so-called 
immersed transformer, as it is 
the to-day, 
patent of 


oil 
arts 
428,648 


employed in 
appears in Thomson's 
May 27th, 1890. 

It may note that the 
first endeavor to produce high frequency 


be interesting to 


currents by high frequency dynamos was 
made about 1890, and a machine produced 
which 4,000 to 5,000 eyeles, 


gave about 


and which was capable of being driven at- 


still higher frequencies if necessary. This 
machine was used in the classic experi 
ments on the effects of high frequencies 
on animal bodies by Dr. Tatum about 1801 
1892. 


or The machine itself was an orig- 


ina) type of inductor dynamo, so called, 
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George Westinghouse, whose invention of the air- 


brake made modern high-speed railway travel 


possible. 


machine itself being still used in electric 
432,655 of July 22nd, 


the original 
testing. It is described in patent 
1890 

An important invention bearing on interpole work, 
now such a decided factor in the construction of dyna- 
mos and motors for continuous currents is shown in 
$59,422, filed in 1885 and issued September 15th, 


This dynamo appears to be a pioneer invention 


patent 
1891. 
in that the separation of the series and shunt coils on 
and at the 
found. The 
forms since 


the field for securing better commutation 


same time compounding a machine, are 


principle has been applied in improved 


then, and, of course, has given superior results. 
Some Work With the Electric Furnace. 

The possibilities of the electrical furnace were never 
before so brilliantly this decade. In 
1862 Woehler discovered that water acting on calcium 
The next step was 
to make An early attempt 
with the electric furnace was that of Henri Moissan 
who succeeded in making calcium carbide out 
of marble and sugar carbon. Then came Thomas L. Will- 


revealed as in 


carbide would produce acetylene. 
calcium carbide cheaply. 


(1802), 


son, to whom the credit is really due of placing the 
manufacture of calcium carbide upon an industrial 
basis, which he achieved in 1892 in co-operation with 
Dickerson. 

Paul Héroult constructed the cathode furnace (1887) 
for uninterrupted operation and thus becomes the found- 
er of the electrometallurgy of aluminium according to 
the smelting method. 

Edward G. Acheson succeeded in 1892 in making sili- 
an abrasive which 
He also 


cium carbide in the electric furnace 

has been known to the trade as carborundum. 

obtained artificial graphite in the electric furnace. 
Pewer Generation—The Diesel Engine. 


The year 1893 marks the publication of Rudolf 
Diesel’s “Theory and Construction of a Rational Heat 
Motor,” in which he set forth the principles of the 
well-known Diesel engine. Diesel engines were first 


exhibited in 1896 at the Miinchner-Austellung fiir Klein- 
kraftmaschinen. 

In ISST7 Gustaf de Laval invented his high-speed steam 
turbine, in which the potential energy of the high-pres- 
sure transformed into kinetic energy in a 
single stage and imparted to the shaft. In the same 
year he desitned his centrifugal cream separator, which 


steam is 


ever since has been widely used in dairies. He seems 
Elihu 


the continuous separation of cream 


who pat- 
ented milk 
by centrifugal force, the first example of a continuously 
with ducts for the in- 


to have been preceded by Thomson, 


from 
operating centrifugal machine 
troduction of the new charge, and separate ducts for 
the exit of the separated constituents. During the life 
of this patent the centrifugal creamers which were sold 
in the United States were put out under it, coupled with 
another of De Laval, but the broad patent was one to 


which reference has been made, viz., that numbered 
239,659. 
In 1894 Bénier patented the suction producer-gas 


plant in which the motor is made to draw its gas from 
the generator, thus producing a depression in the gen- 
erator which is filled by air below atmospheric pressure. 
This air is mixed with steam and forms new gas in 
passing over the layer of glowing fuel. 

The first attempt to use compressed illuminating gas 
was made by Julius Pintsch in 1891. His system, prop- 
erly developed, made it possible to illuminate railway 
trains with gas. 

The Cyanide Process—Artificial Silk. 

The famous McArthur-Forrest cyanide process, which 
has been of immense importance in gold mining, was 
brought out in 1887 by Robert William Forrest, William 
Forrest, and John McArthur. These investigators found 
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that the effect of potassium cyanide depends upon the 
weakness of the solution. The gold mines of the Trans- 
took up the 
introduced. 

The first commercially successful process for making 
artificial silk was that brought out in 1885 by Chardon- 


vaal process almost as soon as it was 


net, who squirted nitro-cellulose under pressure through 
small holes in water, alcohol, chloroform or the like, 
the threads congealing at once. 

John B. Dunlop, a dentist of Dublin, Ireland, invented 
the pneumatic tire in 1890, as we know it to-day. He 
seems to have been quite unaware of Thomson's pioneer 
work in the same line (1846). 

Artificial Flight—Some Early Experimenters. 

Experiments were made in this decade, which cleared 
away some of the difficulties that confronted inventors 
In 188 Otto Lilienthal 
of Berlin began his gliding experiments with a motor- 
less aeroplane of his own design. Simultaneously Lang- 
ley and Maxim their Lilienthal 
was killed in a machine of his own construction in 1891, 
first small 
He continued 


interested in aerial navigation. 


began experiments. 


Langley in 1896 succeeded in making the 
motor-driven aeroplane which ever flew. 
his experiments until 1903, when a full-sized machine 
of his failed to mount into the air because of a defect 
in the launching The 
cessfully flown for a short distance in 1914 by Curtiss. 


Hiram Maxim’s machine was built in 1894. It was of 


apparatus. machine was suc- 


enormous proportions and had a motor steam engine of 

360 horse-power. While it might have flown for a short 

distance, it came to grief because it tore away the guard 

rails which were intended to hold it on its track. 
Improving the Phonograph. 

Edison’s experimental success with his tinfoil phono- 
graph of 1877 proved the starting point of much valu- 
able investigation in sound production by himself and 
others. In 1886, Dr. Chichester 
ner Tainter patented their method of recording and re- 
producing sounds by engraving a wax or wax-like sub- 


sell and Charles Sum- 


stance, thus producing records that could be removed 
from the machine, handled and transported. In 1887, 
Emile Berliner invented the gramophone or disk grapho- 
phone and worked out for practical use the system of 
duplicating disk records, which has been in use ever 
since. 
A Record of Achievement in Submarine Invention. 
Goubet of France built submarine torpedo 
boats between 1885 and 1890, feature was 
his propeller, which worked on a universal joint so that 
it could be changed as to the direction of thrust. It 
took the place of vertical and horizontal rudders. Prof. 
Josiah Tuck carried on experiments with his submarine 
Hudson River in 1885, using 
caustic soda which was introduced into a boiler to gen- 
His boat had a water lock through which 
diving suit, This was 


several 
The novel 


(“Peacemaker”) in the 


erate steam. 
a man, clad in a 
the principle that Jules Verne embodied in his imagin- 
ary “Nautilus,” fondly imagining that the idea was his 
originally. other built in 
Europe during this period. The most successful of these 
was perhaps the “Gymnote” built in France after the 


could 


pass. 


Several submarines were 


designs of Dupuy de Lome and Gustave Zédé. 

In 1898 the United States Navy advertised for bids 
for the construction of a submarine. J. P. Holland, 
Baker, and Simon Lake handed in plans. 
Baker’s design was based on the performance of a ves- 
sel he had experimented with in 1892. Holland 
mitted plans for a steam vessel of the diving type with 


George C. 
sub- 


rudders at the stern for changing the in- 
Lake 
submitted a design for a vessel with an inner and outer 
hull, the inner space to be utilized for water ballast. 


horizontal 
clination of the vessel, as first used by Fulton. 

















The first successful Maxim machine gun. Beside 
the gun are Sir Hiram Maxim and the Prince of 
Wales, later King Edward. 
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Edward Weston, pioneer inventor of dynamos, 
ares, and electrical measuring instruments. 


This vessel was designed to be operated submerged on 
a level keel by the use of hydroplanes; bettom wheels 
were provided to enable the vessel to be navigated on 
the water bed itself; air locks were called for to enable 
the crew to escape in case of danger. Holland secured 
the Government award because of his previous experi 
His vessel, the “Plunger, 


ence. ”" was not a success, due 
to her enormous steam installation, which made the in 
terior of the boat unbearably hot, and to her lack of 
stability. Lake’s idea of running along the bottom on 
an entirely new conception in the art—received 
its first demonstration in 1894. This craft 
germ from which later emerged his “Argonaut” 


1897), the first submarine to be fitted with an internai 


wheels 
was the 


(1806 


combustion engine. 


1895-1905 


This is the decade of the aeroplane and the airship 
and of wireless telegraphy. 

After two years of preliminary 
Ferdinand von Zeppelin complet 


study, research and 
experimenting Count 
ed his first great rigid-frame dirigible airship, the pion 
eer craft of this type. About the same time 
Dumont was making sensational flights with 

that could hardly be considered an improvement over 
those of Tissandier and Renard and Krebs, except that 
light 


PALTOS 


airships 


they were driven by modern gasoline engines 
which could easily be applied to the dirigible without 
Much 


who really 


the exertion of any great inventive ability. more 
important was the work of the Lebaudys, 
The non-rigid system was 
developed The 
vals were quickly adopted by the German 
were later improved by Astra-Torres in France. 
The Wright Brothers invent the Flying Machine. 
But the much more 
actual realization of a flying machine. 
continued Lilienthal’s gliding experiments with biplanes 
experiments proving that th 


created the semi-rigid type. 


by von Parseval. collapsible Parse 


army and 


decade is memorable for the 


Octave Chanute 


and multiplanes, his 
trussed biplane with some device was necessary to shift 
the center of air pressure in order to maintain equilib 
rium. He was the mentor of the Wright Brothers, who 
began their investigations with similar gliding experi 
ments which culminated in the modern biplane flying 


gasoline motor, pro 


machine—a machine driven by a 


vided with wing warping devices. For the first time 


in history, a man having a motor-driven machine flew 
in 1903 for a distance of 260 meters. In the same de 


there 18 he 


eade belong the experiments of Ader; but 


evidence that his “avion” did more than to rise from 
the ground and fall back again 
Marconi and Wireless. 

In 1895 Guglielmo Marconi invented the first practica 
wireless telegraph apparatus. It contained very little 
of his own, but in this respect it did not differ 
many pioneer inventions. Yet, it was invention in the 


true sense of the word because a new result was pro 
duced with well-known apparatus ingeniously combined 
In 1901 Marconi for the first 
Atlantic Ocean. 
in the article on Communication in this issue. 


the electrical furnace resu 


time signaled across the 


The development of wireless is traced 


The work done with 
in the establishment of the aluminium industry 


M. Hall discovered in 1886 that natural cryolith is a 
proper flux and solvent for clay, and with a current 
derived from seven Grove elements and with carbon 
electrodes he succeeded in producing the first pieces of 


aluminium. In 1889 Héroult produced aluminium 


bronze electrolytically by melting alumina and 
posing the molten mass with the electric curre! 


F. A. Kjellin, Ernesto Stassano, and Paul Heé1 
simu!taneously and independently discoverec t 1H) 
that if iron is to be reduced from its ores electrically 


the iron must not be left too long in the electric are, as 


























~~ = 
§20 

t irhb and uffer 
iy j { I A. Aje ord tructed an 
elect! fir hich tl idea was embodied, and 
on Mare 1k) btained t lirst good quality of 
elect te f fi " ‘ Pau Héroult§ in 
the same veal f ej LabPraz, in which he 
also nrodu re md ste by melting the 

e | : refractive material in which the 
car ‘ f t tua touch the tron 

in 1807 Ha } t of | ‘ invented the well 
oo WW f Thermit, however, was not in 
troduced i DSoo The modern process 
if iow introduced in 1905) by 
Fouch ene be g used in a specially 

" u ! pipe 

An attempt red itrogen from the air elec 
trically W made in Niagara Falls by Bradley and Love 
oy in 100 This experiment, while not commercially 

cue en rved t inspire later work hus 
Christia \. Birkeland and Samus Eyde built thei: 
‘ ‘ plant 114) using electric ares spread out 
l ime bta i great heating surface 

The Development in Electrical Engineering. 

m t} hic ment In electrical 

u ! erve entior but only a few can 
h sf) red the telegraphone or 

WA 105-1008 

lew 
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telepheo: tion of Poulsen and Pedersen 
two Da ‘ il engineer The instrument is a 
beautifu oml ition of the telephone and phonograph 
Soul ein " et ill recorded upon steel disks or 
wire rel by mea of telephone apparatus 

I ISOS Hermann Pheodort Simon of Coettingen 
tudied ti uperposition of alternating upon direct 
current i invented the singing are lamp, which may 
be reg ! i kind of radio-phonic instrument 

TI usical are’ has been variously called 
the ludd i  Poulset inging ar This was a 
liscovery made by Prof. Elihu Thomson years before 
the others had entered the field, and it forms the sub 
ject of u ent No. 500,630, filed July 18th, IS9. and 
issued Ju ith, 1803 It covered broadly the shunting 
of an electri rge apparatus such as an are by 
inducta ! eapacity for producing automatically 
high freq \ f a continuous nature It was 
in fact, the tT apparatu of the kind which would 
give that re t Duddell mm il are being prac 
tienliv ti " y rmedsthe oulsen are being a 

whit 1 ( " 

I 11M KY prague, the well-known American 
elect il « ted his famous multiple unit 
system of ri ailway In this system 
ii] curs are wp ! th two motors, and so con 
nected by Spragu coul devices that all the motors 
of the train are switched in and out by a single motor 
man at tl head cf the t Phe ystem was put 
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elevated railway of 


The multiple 


into service on the south side 


forfeiture contract unit 
system is the sole dependence of the roads in New York 


patent 


Chicago under 


and Boston Sprague’s fundamental and basic 


on this system conteins nearly three hundred claims 
In 1902 J. F 


was introduced in 


Stone’s system of electric train lighting 
the 


the current is delivered by an auxiliary 


United States. In this system 


battery to which 


the car rod lamps are connected A regulating appa 
ratus of special design renders it possible to supply 
uniform current, whatever the speed of the train may 
Ine Stone’s system was improved in 1905 by Aichele by 
the use of a new regulating system which eliminates 


the need of any attention whatever on the part of the 
train crew 
B. G 


Company 


Lamme of the Westinghouse Manufacturing 


out the high tension motor for single 
1902. 


brought 
phase alternating current in The motor was soon 
introduced on electric railways 

the alkaline 


for 


The Swedish engineer, Jungner, invented 


nickel-iron ge battery, but it remained Edison 


stori 





(1908) to bring the battery to commercial perfection. 
Edison made his cell of sheet metal instead of hard 
rubber and filled the plates with hydraulically pressed 


composed of iron and graphite for the posi 
nickel for the 


briquettes, 


and negative 


graphite 


tive plate and 











Samuel Pierpont Langley. 
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furnaces into mechanical energy; the engine itself was 


patented in 1896, and was a two-cycle double piston en- 


gine. The Koérting blast furnace gas engine was brought 
out in 1898. Cockerill of Seraing, Belgium, introduced 


From this 
the two-cylinder blast furnace gas engine of the Niirn- 


a four-cycle blast furnace gas engine in 1899. 


berger Maschninenbau-Aktiengesellschaft was evolved. 

In 1904 brought out 
process for the production of iron and steel. 
the problem of drying the air by freezing out the wa- 
ter. Although he encountered great difficulties in intro- 


James A. Gailey his dry blast 


He solved 


it is now recognized as one of the 
important the and iron 
effecting as it does remarkable economies, 


ducing his process 


most contributions to steel 
makers art, 


The American iron industry suffered a great change 


in this decade. The Mesaba ores were being intro- 
duced Since the blast furnaces were far removed 


from the Lake Superior beds cheap handling was an 
essential, a consideration met by Brown’s bridge cranes, 
cableways, and trolleys. A radical departure was made 
in ore handling when G. H. Hulett in 1898 invented the 
automatic ore unloader bearing his name. It did away 
as the unit of bulk and substituted 
The entire ma- 


with the shovelful 


the grab bucket of ten tons capacity. 


chine was made to travel along the dock to reach all 
hatches without shifting the boat. This machine re- 














(ne of Langley’s successful models 














Otto Lilienthal and his glider 





Pioneers in artificial flight. 


plate. He provided outlets for the escape of gases as 


well as inlets for electrolyte. 


Edison worked hard during this decade on the mo 


did much to 
He brought 
state of 


commercially 


tion picture camera and projector and 


give us the modern motion picture industry 
concentrator to a high 
the 


which 


magnetic iron ore 
Unable to 
the 


worked on a cheap scale, he 


his 


etliciency utilize plant 


because of Mesaba ores then began to be 


applied part of his appa 
ratus in developing his Portland cement process. 


Thermodynamic Developments. 


The steam turbine was markedly developed during 
this period. C. G. Curtis invented in 1896 his multi 
stage pressure turbine. A. Rateau in 1898 constructed 
his multi-stage pressure turbine. Zoelly in 1902 con 


tructed a multi-stage pressure turbine which is essen- 
A. Rateau 
invented the first turbo-compressor in 1900 and a turbo 


tially similar in principle to that of Rateau. 


pump in 1902. 

he principle of utilizing internal work in liquifying 
air as well as the counter-current principle of refriger 
ation was discovered in 1898 by Karl P. G. Linde... The 
outgoing to cool off the still con- 
tained within the apparatus so as to produce a cumu 
lative refrigerative effect He built a_ refrigerating 
machine on this principle with which very low tempera 


air was used air 


tures were reached. 
In 1898 Ochelhiiuser of Dessau 
Hirde Iron Works for the 


installed an engine 


in the conversion of blast 











Wilbur Wright. 


from nineteen cents a 
cents a ton. While this machine 
was being developed F. E. Hulett designed and patented 


an excavating bucket that could be controlled entirely 


duced the cost of handling ore 


less than six 


ton to 


by ropes. 
Industrial Chemistry. 
In 1807 Engler made exhaustive researches on 
the decomposition of hydrocarbons when subjected to 
Thanks to him much light was shed 


Karl 


heat and pressure. 
upon chemical reactions, which take place when oil is 
eracked. Most cracking processes are based upon the 
methods disclosed in patents taken out in 1890 by Dewar 
and The Dewar and Redwood process is in 
turn an outgrowth of the Krey high-pressure distilla- 


Redwood. 


tion process of 1887. 


The method of hydrogenating soft fats and oils, 
whereby it is possible to convert vegetable oils into 
substitutes of lard and some fats into hard fats of 
greater commercial value was discovered in 1902 by 


P. Sabatier and J. B. Senderens. 

The separation of ores by oils was introduced in 1902 
by W. Elmore. The ground ore mixed with the residue 
of petroleum distillation was placed in rotating ecylin- 
ders so that oil and pyrites are intimately mixed. The 
oil is then centrifugally separated. 

In 1899 William Draper constructed a loom with auto 
matic shuttle-changing mechanism, the first practical 
success of its type, and the result of ten years’ experi- 

(Concluded on page 68650.) 
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The Rise of the Automobile 
From the Snorting Road Locomotive to the Swift Noiseless Car of To-day 

1 ad eem necessitt t« = ~ by the House brothers in 1866, and 
ll , eventy vel to trace it attained a speed of 20 miles pet 
the histo of the tutomobile hour About this time the team 
Sure full-grown man can re fire engine made its appearance, and 
eall hi first view of a chugging steam began to be used more and 
horseless carriage And yet, in 1845, more for traction purposes 
when the ScreENTIFIC AMERICAN Was In England during the sam 
established, the power-driven road period, the steam vehicle was used 
vehicle vas an old story Joseph for commercial transportation pur 
Cugnot of France and his three poses Steam stages came to il 
wheeled steam carriage that ac quite Common In 1861 the famous 


tually ran for a short distance and 
then upset because it was too top 
heavy to take a sharp turn at three 
miles an hour, was even at that 
early day a historic event seventy 
five vears old It was ll 180 that 


Richard Trevithick, in England, was 


ruled off the highways for joy-riding 
when he ral into a fence at the 
frightful speed of 10 miles per hout 


and ripped off several palings 
tutomobile was an 


the father of 


Of course 





old story, for it was 





“fly-by-night” was produced and 


used to thunder through the villages 


after dark at speeds of 10 and 16 
miles per hou So frequently was 
the owner of the car arrested for 
disturbing the neighborhood that 
eventually he and his crew had to 
put on firemen’s helmets and coats 
ind equip their machines with fire 
hose and buckets so that th eould 








the locomotive. The idea of running 
locomotives on rails was an aftet 
thought The first of them were 
run on the common highways, and 


we owe to these early machines the 

development of many of the essentials of the modern 
motor vehicle. The use of stub steering axles in place 
of the fifth wheel dates back to 1819 A transmission 
gear with two speeds appeared on a steam carriage in 
1821 and the same car was fitted with a condenser 
similar to the early type of radiators on gasoline auto- 
mobiles In 1825 a 10 horse-power engine was devel 


oped, using a flash boiler \ power-driven fan—not for 
cooling the engine, of course, but for furnishing the 
furnace with forced draught—appeared in the early 
thirties, and at about this time the clutch was devel 
oped. The differential was used in 1840, although it 
had been known as mechanical movement for many 
years prior to that time, and finally, in 1845, came the 
invention of the pneumatie tire. This was a canvas 
rubber inner tube incased in a leather shoe or outer 
tube 

Thus we see that when the ScleENTIFIC AMERICAN came 
into being the automobile, as a pleasure vehicle, had 
had a very thorgugh trying out, but it had been found 
wanting, and, by the public at large, had been relegated 
to a place in the vast museum of impractical inven 
tions. \Indeed, England had already begun its oppres 


sion of the motor vehicle by burdening it with excessive 


tolls and restrictions, that grew increasingly irksome, 


the 


than 


until, eventually, it was practically barred from 


highways by an act forbidding a speed of 
that 


man waving a 


more 


four miles per hour and requiring each power 


driven vehicle be preceded by a red flag 


Not until 1896 was this foolish law repealed, and it was 
contributions to 


responsible for the paucity of British 


the development of the automobile in the earlier days 
of its present era However, in marked contrast to the 
spirit of the times, the ScrentTiIFIC AMERICAN took a keen 


interest in power-driven vehicles and tried to encourage 
We find even in one of its earliest num 
IS45-—a 


carriage 


and promote them 


bers—that of October 2nd front illustra 


page 


tion and description of a steam for common 





The Stanley brothers in their first car. The 
pioneer of modern American steam vehicles. 


ee a) Si oe 
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Richard Dudgeon’s steam road car, built in 1860. 


original machine, of which this is a duplicate, was constructed in 1855 


roads which was steered with a pair of reins Un 


doubtedly the most important contribution to the motor 


the 
that of 
and two other engineers were discussing the feasibility 


the Screntiri 


Dudgeon In 


during 
AMERICAN 


vehicle early history of 


was Richard 


of driving a road vehicle with power, and made a com 


pact that each one of them would undertake the task 


The other two inventors failed to produce anything of 

















A steam vehicle steered with reins. 


From the SCIENTIFIC AMERICAN of October 2nd, 1845. 


but Richard Dudgeon’s machine 


It made frequent trips about the country at high speed 
Forty 


value, was 4 suCcCeSS. 


miles an hour is the record it hung up, and fre 


quently it made speeds of 35 miles per hour Unfor 
tunately, it was destroyed while on exhibition, in the 
Crystal Palace fire of 1858. A second machine was 


built by Dudgeon in 1860. toth of these machines were 


virtually locomotives adapted for road travel. A power 


vehicle of much more modern appearance was developed 


ee ee wey 


—— 


TES My 


The first successful American gasoline car; 
built by Duryea in 1892-1893. 


1S55 he 


fool the constables into thinking 
that they had a legitimate reason 
for driving out at all hour of the 
night 

All this time the automobile wa 
merely waiting for the proper ty] 


of engine to make it a 
One of 


popular ste 


the earliest 


Cess users of 
steam produced with gasoline fuel was that of K. I 
Olds, who in ISS7 built a buggy that was driven by 
steam engine. However, the steam boiler was of the 
tubular type. It was in 1SS9 that Serpollet, in Fran 
revived the flash boiler principle and gave the steam 


carriage a fresh impetus that has lasted to the present 


day. At first even he used coal fuel, but iater he 
changed this to kerosene, and eventually gasoline was 
the accepted fuel. So successful did this type of boilet 
prove that it made steam a very close competitor of 
gasoline for many years. The earliest American steam 
machine of the present era was that built by the Stan 


ley brothers in 1897. This machine is still being mann 
factured despite the fact that others who started out 
with the steam drive have given it up for the tnterna 


combustion 
The history of 
1860. 


engi 


the gas vehicle starts with 


properly 


when Lenoir in France patented a vehicle driven 


by an explosive engine In this country the first men 


was George B. Selden, who began experimenting with 


Realizing that the steam 


power-driven vehicles in 1S74 


engine was entirely too heavy for purpose, he en 


deavored to produce a gas engine. At first he generated 


gas by burning liquid fuel, and tried to utilize this gas 
in the cylinder of the engine just as steam is used. But 
he soon found that this was not practical, and finally 
decided that the combustion of the gases should take 
place in the cylinder itself. About this time he came 


across the work of Brayton, who was building internal 


combustion engines for boats Rrayton’s work covers 
the years from 1870 to 1885, and he did much pioneer 
labor on a type of engine that is now obsolete. Bray 
ton’s idea was to compress the gas and ignite it as a 
jet in the eylinder. Having built a model and having 
satisfied himself that he was on the right track, Selden 
ipplied for patent in 1879. But although Selden was 
undoubtedly the first man in this country to invent a 
gasoline automobile, he was not a pioneer, for he did 





Charles Duryea in his famous machine that won im- 
portant races here and abroad in 1895 


nd 


1896. 
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flvir but it occurred to him that it would make a good 
horse, amd so he decided to build a motor-propelled road 
ehicl Realizing that the public was hardly ready for 
uel machine, he did not actually start work until 
evel youl ater It wus in the fa ISOL that he 
begun the « struction on his first motor cerriage. The 
f owing pring it wa completed and actually ran 
This encouraged the building of a second and a third 
nachine The last was a big success Although Lenoir 
i Ish. used a jump spark, all the other foreign ma 
chines up to IS05 nd some as late as 1900, used the 

t tube ignition Charles Duryea, with his brother, 
bra Duryea, however, used spark ignition, and they 
developed the spray carbureter in the very first ma 
chine vhile the foreign machines for five or ten years 
nger used a surface or bubbling device Even the 
bloc motor was used by Duryea in 1804 and the throttle 
conti was developed in 1895-1896. But we must drop 
his pioneer for the time being and consider several 
others 

Elwood Haynes started work upon a power-driven 
machine in 1893. He used a two-cycle marine-type 


gasoline engine that weighed 180 pounds and gave only 


one brake horse-powet When the machine arrived it 
was set up in Mr. Haynes's kitchen and put to a test 
It operated with such speed and vibration as to pull 


the floor This showed 


itself from its attachment t 
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Was not building cars as rapidly then as he is now. Not 
until IS06 was that machine completed In the same 
year Frank BK. Stearns completed his first automobile 


and also built two others, which were sold 


America in the early days was no more kind to the 


horseless carriage than it has been to the flying ma 


For 


automobile 


chine the first ten years only two patrons of the 


appeared Inspired by the successful races 


abroad, and endeavoring to stimulate interest here, the 
Times-Herald — offered 


$5,000 for a race to be 


amounting to 
Chi- 


This generous offer 


Chicago prizes 


held in and about 


ISOS, 


92-mile 





cago on the Fourth of July, 





was enough to take the breath away from American 
inventors. They were totally unprepared for it, and 
time and time again the race had to be postponed be 
cause, although on paper there were enough entrants, 
not enough machines materialized to make it a real 
race. Not until November 2nd was a contest held, and 


this was merely a consolation race, because there were 


but two competitors, namely, one Duryea machine and 
an imported Benz car Unfortunately the Duryea ma- 
was purposely ditched, to avoid 


that 


chine, although leading, 


collision with a farm wagon made a false turn on 


the course, and the German car struggled on alone to 
the finish. Finally, Thanksgiving Day was set for the 
reai race, and five cars participated. Of these, two 
were Benz cars and one a Roger from France, while 








Haynes car that ran in 1894 and wona 
1895. 


rhe first 


prize for design in 
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First Winton car sold (1898). Note the pins to 
prevent boys from stealing a ride. 
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R. E. Olds’s first departure from steam to gase- 
line. Begun in 1894 and finished late in 1895. 














Charles B. King steering his power buggy 
driven by a marine engine (1894). 
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The car of F. B. Stearns, built in 1896, and still i 
good running condition. 






Race at Guttenberg, N. J., in 1900. Two 
Panhard-Levassor machines competing. 








lieh Dairoler vho, in 1884, patented a road vehicle 
driven by a high-speed internal combustion engine of 
four-cvele typ 4 year later Karl Benz, also of Ger 
many, produced a vehicle driven by an internal com 
bustion engine These, the first steps in the develop 


ment of the m mobile, tock placé in Germany 


At first progre was slow, but inside of ten years the 
motor-propelled ehicle had proved itself of sufficient 
popular interest to ceuse the /etit Journal to offer a 
prize for an antomobile race from Paris to Rouen. This 
was in 1894, and it proved a great success rhe next 
vear another race was held between Paris and Bor 
leaux, in which there were sixty-six entrants 

in the meantime America was not standing still. In 
leed, in the earliest days of the present era of auto 
nobiling thi ountry was very proudly represented 
Despite the prior Invention of Selden, we may point to 
Charles i lburyea as the father of the American auto 
mobile He ted out at first with the idea of build 

gu fiying mac 4 it was in 1886, at the Columbus 
(Ohio) State I r, that he came across a gas engine 
It used ca ue | had electric ignition, using 
twelve wet ce M ‘ 1 it weighed a tor 
it least and wa i ( er table, while the 
Z tank, which wa he equi ent of the carbureter, 
“ 1 washtul He i this machine 
looked tu Mr. Durys it was evident not adapted for 


vehicle of 


would have to build a 
he had at 


Mr. Haynes that he 
much heavier construction than first contem 
ith, 1894, that the 
Then, because of the crowds 
had to be 
horse and 


until July 
test 
the curious 


plated. It was not 
for 


around 


ma 
chine was ready 
that 


hauled three miles into the country 


gathered vehicle, it 


behind a 


carriage. But it came back under its own power at the 


goodly speed of 7 miles an hour 


Another pioneer who began in 1893 is Alexander 
Winton, but his first product was a motor bicycle. It 
was not until 1895 that the first Winton gasoline ma 


chine was completed, and it was a curious looking car, 
being designed for four passengers, the two seats being 


laced back to back. This machine made many successful 


in Cleveland during that year. In the meantime, 
kK. BE. Olds was not idle. As previously stated, he built 
his first machine in 1887. This, however, was a three 


wheeled steam machine, although gasoline was used for 
fuel \ built after that. 
Finally, in the construction of a gaso- 


four-wheeled steamer was 


1894, he started 
line vehicle. 
In the 


Charles B 


same year two other pioneers appeared. 


King, a manufacturer of marine gasoiine 


engines, placed one of his engines in his buggy and gave 
his horse a holiday while he chugged about Detroit in 
vehicle 


But he 


his motorcar Henry Ford, who built a steam 


in 1892, started a gasoline machine in 1594. 


was represented by a Duryea and a Sturges 
The difficult 
cause a snowstorm had covered the ground with twelve 


America 


electric car. course was a most one be- 


inches of snow. One of the entrants was the Haynes 


ear, which won a prize for the best design of motor, 
but did not actually engage in the race because of an 
accident due to skidding on the ice just before the start. 
Only two of the contestants finished this race, and they 
were the ones that had engaged in the consolation race 


a few weeks before. This time, however, the Duryea 
car won easily, leaving the Benz far in the rear. 

The second big race was held the following year on 
Decoration Day. The prizes, amounting to $3,000, were 
offered by Mr. Walker of the 
politan Magazine. The course was from City Hall, New 
York, to Irvington-on-the-Hudson and return. Four 
Duryeas were entered in this race and they won every 
prize 

It was in the fall of 1896 that the English Parlia 
ment repealed the restrictions to motor traffic on Brit 
ish highways, and the same day, November 14th, a race 
was held in celebration of this event, between 
and Brighton, a distance of 52 miles. 


John Brisben Cosmo- 


London 
There were en- 
trants from all countries, France and Germany being 
well represented. 
the 


It was naturally expected that the 


winners of Paris-Bordeaux contest would sweep 


(Concluded on page 568.) 
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Growth of the Railway and the Stea 


ynsportation on Lind and Sea | 











The nine hundred and nine foot “Imperator” steaming up the Hudson River. 


Development of the Transatlantic Steamship. 
O N July 4th, in the 1840, a little wooden side- 
wheel steamer from her dock at Liver 


pool, and fourteen days and eight hours later steamed 


year 
east loose 
into Boston harbor amid the acclamations of the assem- 
bled citizens and every manifestation of civic pride and 
rejoicing. The little craft the the 
first of the famous Line, first 


steamer to sail under regular government 


was “Britannia,” 


since Cunard and the 


the first 
propeller, and in other details in 


longitudinal bulkheads. She 
the 


addition to these she was pre-eminently the pioneer of 


and was ship 


to employ screw 
the modern ocean liner. 

The first American to built for the At- 
lantic trade was the “United States,” constructed in 
New York by William H. Webb for the Black Ball Line 
of packet ships. She made her first voyage to Liverpool 


steamer be 


in 1847 and it lasted thirteen days 
ship of 2,000 tons burden, 256 feet long by 


She was a wooden 


MO) feet he 


ai 

In 1850 the United States entered the lists against 
the Cunard Company by putting in service four boets 
of the Collins Line, vessels which in size, speed, inx 
urious accommodations and general excellence of finish 
were in advance of anything afloat at that time. The 
“Pacific” of this line was the first ship to make the 
passage from New York to Liverpool i 





for the conveyance of the trans- 


mail 


contract 
In the accompanying dia- 
the growth of the trans- 
atlantic steamship during the 
years covered by the life of the ScrENTIFIC 
AMERICAN, the “Bri- 
for the reason that, although she 


atlantic 
gram, showing 
seventy 
we commence with 
tannia” 
was not by any means the first steamship 
to cross the Atlantic, she was the first to 
do so on a regular schedule 


was a wooden side- 


The “Britannia” 
wheel steamer 215 feet long, 34 feet 4 
inches in beam, and of 1,731 tons displace- 
ment Her engines, of 740 horse-power, 


gave her an average sea speed of 8.5 knots. 


She was one of four sister steamships 
built under a contract with the British 
government, by which the company was 


to provide four steamers and dispatch one 
from Liverpool for Halifax and 
soston, the 4th and 19th of 
month from March to October, and on the 


of them 


on every 














4th of each of the four winter months. At 


less than ten days, which she did during 
a passage in May, 1861, bringing the time 
down to nine days, twenty 
minutes. In 
the “Arctic” 
teen hours, 


hours, sixteen 
the 


hihe 


February of next year 
days, 
minutes. The same 
in 1855 launched the “Adriatic,” 
a vessel of 4,144 tons. 

To the 
the Collins Line, the Cunard Company in 
1855 launched the “Persia,” 87 
and 


crossed in seven 


twelve 
company 


meet successful competition of 


of 32870 


tons 


about 14 knots speed. She was a 


paddle steamer and was built 
of iron. 


throughout 


We have introduced into our diagram a 


phenomenal vessel which, strictly speak 
ing, should not have any place in the his 
tory of the development of the trans 


atlantic mail steamer, for the reason that 


she was never regular sched 


run on any 
ule under government contract. We 
to the and 
in order to emphasize the fact 


refer 


; 


“Great Eastern,” she is shown 


that she 













































the date of the birth of the ScIENTIFIC The rotor of one of the low-pressure turbines of the “Imperator.” was fifty years ahead of her time and, in 
AMERICAN, therefore, these ships were Diameter, 18 feet. fact, anticipated in point of size such 
representative of the vessels as the modern 
Atlantic steamship of “Oceanic” and “Keiser 
that day; and the illus- Date... ..| 1840 | 1855| 1858 | 1862 | 1874 | 1884 | 1889 | 1897 | 1899 | 1900 | 1903 | 1906 | 1911 | 1913 | 1914 Date Wilhelm II.” 

- _— ——_ fe | eee [oe | eee — ————__I—o—_ | - —— | “Qre ” 
tration which we give Length on " Length oa The “Great Bastern 
of the “Aquitania” of deck 215’ 385’ 692’ 337’ | 435’ 560’ | 649’ | 705’ | 686’ 707 790’ | 883’ 909’ 950 deck was a splendidly built 
1914, carrying all four Beam 34’ 4’ |45’ 3’ 83 40’ 5’’| 42’ 3° 57’ 3” +63 66 68/ 67’ 72 8s 92’ 6” 98’ 100 Beam ship, and cost no less 

‘ i ‘e- Displace- 2° AF 
of these little craft on — mre than $3,650,000, an enor 
her boat deck. which tons 1.731 |4,950) 28,000 3,808 6,834 12,190 15,000 21,000 29,000 23,500 27,000 44,500 52,000 54,000 58,000 tons mous sum in those days 
she would be quite ca H. P 740 2,900 8,000 2,250 3,250 14,500 20,000 31,000 28,000 37,500 38,000 70,000 60,000 70,000 80,000 H.P She was 692 feet iong 

. Speed in Speed in . 

pable of doing, may be Txnote 8.5 13.8 14.5 13.9 | 13.8 | 19.6 | 20.7 | 23.0 | 20.7 | 23.5 | 23.5 | 26.01 22.5 23.0 3.5 knots on deck, 118 feet broad 
taken as an excellent oan 7 T T i? ] ] ] Te | ] | T over the paddle boxes, 

j | | | 1,000 , 
epitome of the past sev- a ‘giteia par | | | i | se | j and she displaced 28,000 
enty years of develop + t tons on her ordinary 
ment. The “Aquitania” | | | 900 draft, althoveh on a 
is 901 feet long by 97 | | draft of 30 feet she 
feet broad and is 92 | 200 would displace 160 
feet deep from keel to tons. She was driven 
topmost deck. Her dis both by paddie wheeis 

‘ ‘ 700 and } ‘ 
placement is something and by a screw pro 
over 50,000 tons, and peller Her maiden trip 
with 60,000 horse-power 600 was made from Liver 
she bas made a speed pool to New York in 
of 23.5 knots. 500 1860. Her highest speed 
Mention should be during the trip was 
made of the fact that 14% knots an hour and 

, 00 
in the first decade cov 400) 4 the longest day's run 
ered by the present re 333 miles. The ship 
view, that great engi 300) L- 300 was the safest passer 
neer, Brunel, built the ger vessel ever built, in 
first iron steamship, 200 cluding even those f 
also named “Britan the present day She 
nia,” in which he an had a complete double 
ticipated many of the asta hu extending te WW 
. : ' Length Length ‘ } +} bain 
improvements which over all in |--| over all in fee ibove the water 
were to come in later best ~ | and 7 line, where she car 
‘ ‘ 's “Ret +¢-Wo0D-»- /RON - * ; ¥ ao « See ied a water-tight de 

years. Brunel’s “Bri PADDLE — e- ,DAQDLE sumece Scqew A ‘ TWIN SCREW 4 £248, -4-I «Four Screens ried a water-tight deck, 
tannia” had a double and she was divided 
. : o - . rit din s = 
bottom and transverse Growth of the transatlantic steamship from 1845 to 1915, longitudinally and 
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bh J 4l i ©! 4 y= ©! “— 
ead ic ' etting atloat in 1900 the “Deutschland,” 
yal GOS6 feet lor ind of 25,500 tons displace 
rt ‘ i head ment. This vessel was equipped with twin 
f the le ent iT crew six-cylinder, quadruple-expansion 
freizh . , a engines, which on a voyage in which the 
ticle { T her a payi Deutschland” averaged 23.5 knots, gave 
i ti l e, he a maximum indication of 37,500 horse- 
, , t] t At power. The North German Lloyd Com- 
i d id ft pany replied by building the “Kaiser Wil 
ot] iNT “4 3 IRR helm II 1 much larger vessel, 707 feet 
hie ! ‘ " iver] ong and of 27,000 tons displacement, 
For ‘ e | ‘ vhich with a maximum indication of 
\imerit ‘ ‘ i t < . 10.000 horse-power, also crossed the At- 
aren ane ' wd Dining-room and saloon of a steamer fifty years ago. ntic at an average speed of 233 knots 
i iu th rew elied “Chit nsatlant ner of t North German Lloyd—or rather of its prede The very fine ships of the German com 
a ’ — — ; we r ‘i van ‘ pre tee re ellen pe ge pony ongtortgg boned b 7 took pany reached the high water mark of the 
t i nt “ 3.0 k the ‘ ine-reete and saloon of to-dar at meal time a table, rawning the lenct development of the reciprocating marine 
About thi e the « ‘ Ll engine placed in position and about it the dozen first-class passengers partool engine, although in point of output the 
vith its hiohe team pre e and sux t i ty t mpletion the table was folded up and then the “dining roon reciprocating engines of the “Olympic” in 
ae as : ; aii ned , : : a. _ The re ees stoi Shah om het te itial trip this ‘“‘Washir later years have equalled those of the 
ne ind ita came that era Deutschland” and “Kaiser Wilhelm II.” 
of jong d vy shi hich w de With the appearance in 1897 of the 
ined te | , im t 0 [ Kaiser Wilhelm der Grosse,” the blue 
the histor e steamshi rhe “Botl ribbon of the Atlantic was captured by 
nia IS74 iS a con und Screw a German company, and it remained in 
UNNE whi ‘ rs hips of their possession for a decade In 1906, 
that da \' engtl f 4 fe } however, the Cunard Company, with the 
beam Ww i et inehe i ra assistance of the British government, who 
ength t er e to ten. Her oaned $15,000,000 at 244 per cent interest 
peer , ume that of the for the purpose, set afloat the first high 
China speed transatlantic liners to be propelled 
Withi ‘ ‘ ea there was by the steam turbine. These ships were 
teady increase dimer di SS4 the “Lusitania” and “Mauretania,” 790) 
there appeared it ervice ( t mbria feet in length, 44,500 tons deep-draft 
and Etrur he Ti hi their displacement, whose turbines of 70,000 
da 2) Coffee t ength nd lis} ell horse-power, operating four propellers, 
12,100) tos Phe were ingle-screw ve have driven both of these ships across the 
e} ind their engine the largest vile Atlantic at an average speed of slightly 
rew engine ever put into a steam over 26 knots per hour That speed has 
hip, indicated 14,500 horse-powe1 I'he not since been approached, nor is it likely 
‘hetruria” maintained a speed of 19.6 knot to be exceeded for many years to come 
for the whole trip act the Atlantic and The shipowners claim that, were it not 
he was the first transatlantic steamship to for the government assistance and the 
make the pa ave in le t! six day subsidy of $750,000 per year for carrying 
The credit for producing the first twin the mails, these ships, because of their 
serew transatlantic steamers, the “City of enormous coal expenditure, could not be 
Pari nd th City of New York is duc made a paying investment This seems to 
fo the Tuma ind International Line be proved by the fact that all large and 
I} e remar ] fine vesse which are fast transatlantic liners built since the 
ill i ervice, ure S60 feet i ength, 6 advent of the fast Cunarders, are = of 
feet ean 1 they displace 15,000 more moderate speed and, if we take into 
tons he “City of Paris” made the trans Photograph showing the “Great Eastern” at the foot of Canal Street, North consideration their great size, of more rea 
atiantic passage at average eed River, New York, in 1860. sonable coal consumption 
“7 knot Ihe two  vesss inti next great advance in dimensions 
luced m excellent feature one being their great build a first-class liner whieh should greatly exceed i took place when the White Star Company built the 
beam | proportion o their length, and another the re S1Z6 invthing that had vet been constructed, and the ‘Olympic’ ind Titanic These vessels are SSS feet 
markabiy handsome dining iloon, placed forward of result was the “Oceanic the first vessel to exceed in long, 92 feet 6 inches beam, and displace about 
the engine 1 disposition now universally followed length the Great Eastern The “Oceanic” was 705 52.000 tons. The engine-room equipment is interesting, 
In IS8S the Cunard Company took the leading posi feet long, 6S feet beam, and normally she displaced because of the fact that the steam is utilized first in 
tion with ts eamships which were the first to exceed 28,000) tons Her best speed was 20.7 knots two quadruple-expansion reciprocating engines of 38,000 
HO feet in le th, the “Lucania id “Campania rhe The Hamburg-American Line signalized its entrance horse-power, placed in the wings of the vessels, and 
wel designed t be considera the fastest vessels into the contest for the blue ribbon of the seas by from them exhausts to a large low-pressure turbine, 
ifloat, and to thi driving a center 
d engine of shaft, which de 
(0.000 horse - velops a shaft 
power wel | horse-power of 
ided The La 23,000. The great 
eania \ the size of the “Olym 
irat ship to « pic” made it pos 
the Atlantic a sible to provide 
peed f vr 2s eveh more spa 
knot: cious accommoda 
The North Get tions than on the 
man Lioyd Con “Lusitania,” and 
pany made i it was claimed 
notable entry int for the “Lusi 
the competition tania” that the 
for the biue ril cubie space de 
bon of the Atla voted to each pas 
tic by setting senger in the 
ifloat in USOT the first-class accom- 
Ka ise Wi m modations was 50 
ler (Croese So per cent greater 
feet lor “ul of than that on any 
“OOOO ft " i previous ship. 
1c en ‘ To the Ham- 
vas a VE d b u rg- American 
mi hi i Line belongs the 
‘ is th eredit for build 
trensat ing the first ship 
» have over “YOO feet 
un tact in length. The 
tt son “Imperator,” 
White Star ny which made her 
pany, whos é maiden trip in 
sels hav niwa) 1913, is 909 feet 
beet ust f in length, with a 
nous for ¢ beam of 9S feet 
ind reg and a_ displace 
deter mined The Cunard liner “Aquitania” of 1914 could carry the whole Cunard fleet of 1840 on her boat deck. ment of 54,000 
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on oa mentally the steam turbine. The work done by this 


F r type of engine in smaller vessels for cross-channel ser 
\ | vice and in one or two large ocean steamers paved the 
| way for the introduction of the turbine during the next 


decade in the largest ships. A coal consumption of 1.3 
pounds was reached by the large quadruple, six-cylin 



















der engines which were the prevailing type in the = , 
. a , fy 
fast transatlantic steamships, and the steam pressure wg Ne Mot. ~ ) 
was carried up to as high as 225 pounds. The decade =a | if 
| of 1905 to 1915 witnessed the passing of the reciprocat- ahs = aio 4 Y ‘ , if 
y ing engine and the substitution of the steam turbine. STi \s — WN ey a: . 1 
: LS Although at first high boiler pressures were maintained, DF =4! J wane J 
| | latterly it was found that lower pressures gave better 
; AR results, and from 160 to 175 pounds is used on some Fig. 2.—Haswell’s four-cylinder engine. 1861. 





important turbine-driven ships. The coal consumption 








Fig. 1—Engine with variable cut-off motion. 1845. “'opped somewhat, but not as much as had been pre REACH ROD RANK 
; ‘ AC ACH bC A 
dicted, the best results showing a consumption of about 
1.2 pounds per horse-power per hour. ALVE 





The Development of the Steam Railroad. ‘ Z I Smeo a 


Somebody has recently defined the present war in 


Europe as an engineers’ war. It certainly is; and this (~~ a , 








for the reason that the age we live in is essentially, a rcamenneeeee oa ce $ 

first and last, an engineers’ age. Eliminate the work J © ; ey 

of the civil and mechanical engineer from the past sev- i 5 

enty years, thoughtful reader, and you will realize at alt < i, os — 

once that you have eliminated 90 per cent of those com- Fig. 4.—The Southern valve gear. 

forts, conveniences and broad practical achievements 

that make the present the wonderful age which it is. ity in which more than any other the engineer has ren 
If we were asked to name the one field of his activ dered possible the present material advancement of 


mankind, we should be tempted to name that of trans 


















portation. There is a broad sense in which we may 








—_ . . . cae “ , 
Fig. 3.—Beattie’s smoke consuming engine with te nincdiea say that the struggle of man up te an ever higher 


- o AEVERSE 
feed water heater. 1856. — 






civilization is a fight against physical inertia—the in 
herent tendency of things to remain what they are and 


tons. Her quadruple turbine equipment, with 60,000 shaft © =>" stay where they are 
horse-power, has driven her at a speed of 22.5 knots Transportation, then, as represented by the railroad 
rhe f wing year the same company dispatched to and the steamship, lies at the very foundation of those 


New York a sister ship of larger size and greater speed, marvelous developments of manufacture and commerce 


with their resultant comforts and conveniences, which 


the “Vaterland rhis enormous vessel is 950 feet long, 


100 feet in beam, displaces 56,000 tons, and her tur during the seventy years covered by the life of the 
bines, of 75,000 horse-power, give her a transatlantic SciENTIFIC AMERICAN, lave been so great as to more 


speed of 23.5 knots. The same year the Cunard Com than equal all previous advancement in the practical 


pany put in service the “Aquitania,” 901 feet in length ~@ —— COMBINATION LEVER arts throughout the history of mankind Thus, in the 
( ‘ . 
with a beam of 97 feet, displacing a little over 50,000  \\ ) case of the great steel industry: Nature had provided 








tons. lHler model is finer than that of the “Imperator,” “a vast stores of coal in one part of the North American 
and with 60,000 horse-power developed by her turbines continent, equally abundant stores of iron ore in an 
she has made a speed of 25.5 Knots. other district, and elsewhere the necessary limestone 

The growth in size and comfort of tae transatlantic But without the transportation facilities afforded by 
steamship has been accompanied by an equally steady the steamers of the Great Lakes and the steam rail 

provement in the motive power. The decade 1845 to «- 5.—The Baker valve motion. road, we would possess to-day no great center of the 
IS55 witnessed the substitution of iron for wood, and steel industry, such as exists at Pittsburgh, nor any 
during that period the approximate boiler pressure rose means of distributing the various products of its ste+ 


mills swiftly and economically throughout the whole 
world. Again, had the railroad and the steamship 


om 10 to 20 pounds per square inch; the approximate 
consumption of coal per horse-power per hour dropped 
from 4.5 to 3.5 pounds. From 1855 to 1865 the screw never been developed, it is safe to say that the greater 


place of the paddle wheel, the boiler portion of the wheat lands of the country would be stil! 





from 20 to 35 pounds, and the fuel con wild prairie, its forests would be uncut, its wealth of 





sumptio vas reduced from 3.5 to 3 pounds In the minerals searcely touched, and the inertia of nature 
following decade, 1865 to 1875, the compound took the would still weigh heavily upon the land The American 


place f the simple engine and boiler pressure rose from railroad is as distinctively American as is our agricul 


to 60 pounds, the coal consumption dropping from tural machinery. The eariy development of Puropean 





railroads took place under exceptionally favorable con 


pounds to about 2.5 pounds per horse-power pel hour. 


In the decade 1S75 to 1ISS5, steel took the place of iron ditions, for the population was dense and capital for 


and the triple-expansion engine was introduced; the construction work was plentiful In Europe the popu 


lation preceded the railroad, but in America it feltowed 





boiler pressure rose from 60 pounds to 125 pounds and 














5 
the fuel Consumption dropped from 2.5 pounds to 2 the railroad: in fact, it would be not stretching the 
hound In the next deeade, 1SS5 to 1895, twin-serew point too fur to say that throughout the greater part 
re ion Was introduced, as was also quadruple of the United States the railroad has been the pioneer of 
expansion and the use of foreed draft. Steam press civilization 

ures rose from 125 to 200 pounds per square inch, and Because of these conditions, it was possible te build 
the ce consumption dropped from 2 to 1.5 pounds. In the early European railroads upon a scale of solidity 
the decade 1895 to 1905 there was introduced experi Fig. 6.—Street’s mechanical stoker. 1915. and excellence, which was impossible in the United 

















Fig. 7.—The Erie “pusher,” largest locomotive in the world. 














State t the same date One of the most creditabk 
feu ‘ f our ear railroads was the ingenuity show! 
l ‘ engines mn building the roads to suit at once 
the ra if the country and the limited capita 
hi iilable for construction. In laying out the 
j t ‘ il ‘ om endeavored to reduce the 
in itt rand embankment to a minimum; and 
hence he di ot esitate ut the expense of greatet! 
di md irp curvature, to run his line around a 
! to tunneling through it Steel suit 
lgre k wa carce and costly; but the for 
est f America pr ded unlimited stores of fine struc 
turns ime In place of building a costly steel viaduct 
Hid en ment cross a ravine or narrow al 
om hile e American engineer erected timber 
f nel t hesitate to span broad rivers with 
trussed bridges of er of a length which had neve 
been i roached in the history of wooden bridges 
The railt 1 and track of 1845 were of simple and 
heap truction The rails weighed from 40 to 50 
und " ird, the ties were small, and more often 
t f iid directly upon the graded ground 
wit t the interposition of gravel or broken stone bal 
Rut a he population increased and manufacture 
penn rane e multiplied and dividends became more 
plentiful, thre a contemporaneous lmprovement in 
the dbeds and the rolling stoek. With the Bessemer 
process there ime the steel rail—harder, stiffer, and 
more durable teel also took the place of timber in 
bridge ructi and as funds became available th« 
ng Nicer vere ent out over the line to re-locate them 
edie ‘ t grades, easing up the curvature 
iminating trestle work in favor of solid embankments 
! bri g tl mdbed and track up to the | of 
moder ractice Some of our great systems, such as 
the Denne nia nd the Union Pacific, in the last 
decade and haif have spent from forty to sixty mil 
t fd rs in the mere improvement of the road 
bed rt hig tlay being based upon the now-well 
inderstood fact that the easier the curvature and the 
ghter the grade, the larger is the paying train load 


that can be hauled per locomotive and per a given size 





trair ‘ 
In pursuance of this policy, as soon as it was demon 
strated that tl iving in fuel and maintenance and 
the economic the wages of train crews would ex 
fixed irges on the outlay necessary for the 

‘ment f the roadbed and track, the work of 
reconstruction has been put in hand. Consequently 


sufficiently heavy to guarantee the 
change, our railroads have been brought fully up to that 


of the best European practice 


it mas Ine a8 a surprise to some of the readers of 
the CIENTIF! AMERICAN to learn that practically the 
vhole of our vast railroad system, now totaling 253,000 
mille has been built during the life of this journal 
Thu n the vear 1845 there was in the whole United 
States o1 if miles of road, which was made up of 


i small number of disconnected lines to be found in the 





Atlanth md Southern States, and a few fragmentary 
“ystems located in the Middle States That year the 
eastern iis were commencing to creep across the 
\llegwher si the Mississippi Valley but as yet there 

no ind j pointing to the development of a 
through trur ine 


rracing the development of the railroad by decades 
we find that from 1845 to 1855 the total length of all 


railroads rew f1 1 4,633 miles to 18,574 miles By 
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IS65 the total had reached 35,085 miles, and ten years 
ater it was 74,096 miles. In 1885 it had risen to 128, 
320 miles and the lapse of another decade brought it up 
to 180,657 miles At the opening of the twentieth cen 
tul the 


1905 the tota 


200,000-mile mark had been passed, and in 
length of all railroads was 218,101 miles. 
In 1918 the most reliable statistics credit the country 
with a total of 249,802 miles, and the latest figures 
ivailable, those for 1914, show that our railroad system 


ias reached the stupendous total of 253,000 miles. 
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organized and, mainly due to its efforts, the sleeping 
car has been brought up to its present standard of 
strength and comfort. 

Of all the improvements in railroads designed to ex- 
pedite travel and promote the safety of both passengers 
and freight, by far the most important are the auto- 
matic air brake and the block signal system. Limita 
tions of space do not admit of more than a passing ref- 
erence to these. The continuous automatic airbrake, 
named after its designer, George Westinghouse, Jr., was 























Electric passenger and freight trains on the New York, New Haven & Hartford Railroad. 


A notable event, and surely the most epoch-mak- 
ing, was the completion on May 10th, 1869, of the 
first trans-continental road across America, the Union 
Pacific 

The distinctive American passenger car, with its long 
body carried upon end swiveling trucks, was patented 
by Ross Wynans in 1834, and by the year 1845 it was 
well established as the typical American car. The pas- 
senger car in those days was from 9 to 10 feet wide, 
i to 50 feet long, and it carried about sixty passen 
rs. It was lighted by oil lamps and warmed in win 
ter by a wood-burning stove, both of these being fre 
quent causes of fatal fires when the all-too-frequent 
collisions occurred. The improvements in car construc- 
tion of the past seventy years have been in the direc- 
tion of comfort, strength and safety. First, there came 
the abolition of the oil lamp and the introduction of 
Pintsch gas; the dangerous wood or coal stove was 
abolished and the trains were heated by steam taken 
from the engine. Finally, during the past two decades, 
there has been a gradual substitution of steel for wood 
us the material of construction, a change which has con 
tributed greatly to the lowering of the death rate in 
collisions and other train accidents 

The great distances between important cities and the 
ever-increasing length of railway journeys led to the 
introduction of the sleeping car, and in 1864 Pullman 
brought out his first sleeper, which was known as the 
Vioneer.” Shortly thereafter the Pullman Company was 

















The first electric train of the New York Central leaving the Grand Central station, New York city, 


on September 30th, 1906, 





irst put into practical service on a trunk line railroad 
in 1868 to 1869. By means of this system of control, 
the engineer in his cab, by means of a lever, can in 
stantly set the brakes in every car throughout the train 
and on his own engine; moreover, should the train 
break apart, the brakes will automatically set them- 
selves. The simplicity of operation, the.enormous power 
of this brake, and the certainty with which it oper- 
ates render it one of the most successful inventions of 
any age. In the Burlington brake trials held in 1886 to 
1ISS7, a train of fifty freight cars, running at 40 miles 
an hour, was stopped in a distance measuring a third 
of its own length. The improvements in the airbrake 
during the past twenty-five years are shown by the 
following comparisons : 

A train in 1890, weighing 280 tons and going 60 miles 
an hour, even if it were equipped with the best airbrake 
of thar day, could not be stopped in less than 1,000 
feet. A crain in 1915, weighing 920 tons and going 60 


miles an hour, has an energy in foot-tons nearly four 


times as great as that which had to be dissipated in 
stopping the train of 1890. With the 1890 brakes the 
1915 train could have been stopped in perhaps 1,760 
feet, but that same 1915 train, with the improved elec 
tro-pneumatic Westinghouse airbrake, can be ‘stopped 
in 860 feet. 

The block signal system, the greatest of all preventers 
of railroad collision, has seen a gradual evolution from 
the time when the crude idea was first entertained and 
acted upon. In 1845 there was practically no block 
signaling in this country, even in an embryonic form. 
The development of block signaling is to be credited 
to Europe, and mainly to Great Britain, in which coun 
try, as far back as the year 1890, 98.5 per cent of the 
English railroad lines were equipped with block signals. 
Under this system, in the operation of trains, no two 
trains are allowed upon the same “block” or section of 
line at the same time; in other words, the trains are 
kept apart by space instead of by time. 

The Pennsylvania was the first to make extensive use 
of the system, which it did in 1864. In 1886 the Cana 
dian Pacific advertised that it made use of the block 
signal system. America’s contribution was the intro- 
duction of automatic signals, in which the train, through 
an electric circuit through the rail, operates its own 
signals and safeguards itself automatically. Auto- 
matic signals were first used in America in 1871 on the 
Eastern Railroad in Massachusetts, and the first auto- 
matic signals using the now universal track circuit, 
were used in Massachusetts in 1879. 

Some will consider that the automatic stop, the latest 
improvement in connection with block signaling, is the 
most important safety device of all. It consists in tying 
the signals in with the moving train, in such a way 
that if an engineer runs by a signal, the signal itself 
will automatically set the brakes and stop the train. 
The most brilliant success has attended the installation 
of the automatic stop on the New York subway. Here 
the express trains are run at 40 miles an hour under 
a headway of less than a minute and three quarters 


(Concluded on page 556,) 
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Seventy Years of Civil Engineering 


Retrospective Review of the More Important Works Completed During the Life of the Scientific American 


ry HE story has been told of a monarch who once asked 
| a civil engineer what was the limit of the construc- 
tive ability of his profession, and he answered, “Give 
me suflicient money, men, and time and I will accom- 
plish anything.” There is just enough of truth in 
this to cause us, when we contemplate the engineering 
works of the present day, to hesitate before we say: 
This is final. The Panama Canal, 
the Forth Bridge, the Aswan Dam, 


the Olive bridge dam was built across the valley of 
the Esopus, forming the Ashokan reservoir, whose ¢a 
pacity is 132 billion gallons. The dam is 192 feet 
thick at the base and 220 feet high. The water is con 
veyed to New York city by an aqueduct from 14 to 17 
feet in diameter, which extends for a distance of ninety 
niles. At the northern limits of New York the aqueduct 


irrigating canals for its distribution during the dry 
season, In some cases the dams are of limited height, 
but great length; in others they are short and of great 
height, as in the case of the Roosevelt and the Shoshone 
dams, which ure over 300 feet in height, and the Boise 
Canyon dam, 350 feet high. These are the loftiest struc 
tures of the kind in the world. The canal system in 

cludes 341 miles carrying over S800 


cubic feet per second, 275 miles 





the Catskill Aqueduct, and all such 
works of magnitude are after all but 
the pledge and promise of greater 
things to come. The civil engineer, by 
continually providing improved meth- 
ods of transportation, and making 
available nature’s stores of crude 
material, enables the great mechani- 
cal industries fo provide him with 
larger and better tools with which 
he is increasingly able to exceed the 
great performances of the past. 

It is impossible within the limits 
of this article to give much more 
than an encyclopedic review of the 
vast field of civil engineering during 
the past seventy years—-we can do 
no more than touch upon the high 
points in the vast field that is opened 
up to retrospective analysis. 

Water Supply and Irrigation. 

The art of impounding water and 
distributing it by canal and aque 
duct for the use of farm and city is 
as old as history itself; and, at the 
period of the birth of the ScrenTiric 
AMERICAN there were scattered 





throughout the world many modern 





carrying 300 to SOO cubic feet, and 
of 6,000 miles of smaller canals 
When the project is fully completed 
over 3,000,000 acres of land, hitherto 
barren and desert, will be brought 
under cultivation. 

In this connection, our thoughts 
turn naturally to that other great ir 
rigation scheme rendered possible by 
the huge Aswan dam in Egypt. This 
world-renowned structure is built of 
solid masonry and extends for over 
a mile across the bed of the Nile 
As recently enlarged by the addi 
tion of sixteen feet to its height and 
a proportionate increase of thick- 
ness, it provides a maximum head 


of water of eighty-six feet, and in 


pounds the enormous quantity of 81 
200,000,000 cubic feet of water. The 
dam is pierced by sluice-gates, by 
which the stored water is released 
for the use of the Egyptian agricul 
turalist as it is needed 

The great dam constructions for 
water supply are matched by those 


built for the development of hydro 





electric energy—a field in which, be 





and important reservoirs which dif 
fered, not in principle, but merely in 
magnitude, from the great works of 
the present day A typical system 
was that known as the oid Croton Dam with its aque- 
duct leading from the valley of the Croton River to 
New York, which was opened about the time that this 
journal came into existence. After some fifty years 
of service it was realized that the supply of water from 
the Croton reservoir would soon be insufficient for the 
needs of New York, and the great structure known 
as the new Croton dam was commenced in_ the 
early nineties. This handsome structure stands to- 
day as one of the greatest masonry dams in exist- 
ence. It is built of solid masonry and its foundations 
which lie, at the lowest point, some 140 feet below the 
bed of the river, extend up and down stream 200 feet, 
while above the mass of masonry rises to a height of 
about 300 feet. The total length, including the spillway, 
is 2,168 feet, and the total amount of water impounded 
is seventy billion gallons. The new and old aqueducts 
leading from the reservoir, together with other local 
sources of supply, made it possible to deliver nearly 
four hundred million gallons of water per day to New 
York city 

The Croton reservoir had not been long in operation 
before the rate of increase of population of Greater 
New York was so rapid as to render urgently necessary 
the preparation of plans for a fresh supply. It was de- 
termined to bring in the mountain water from the Cat 
skills, and to this end a solid masonry dam known as 


Increasing the thickness and height of the Aswan dam, Egypt. 


Capacity, 82.000,000,000 cubic feet. 


drops to a deep tunnel, which is carried everywhere in 
rock throughout the full length of Manhattan, at depths 
varying from 300 to 750 feet. At intervals shafts rise 
to the surface, and from these the water is distributed 
by steel pipe mains. A branch tunnel passes under the 
Kast River to Brooklyn, where the aqueduct is continued 
to the Narrows, under which it is carried by pipes laid 
in the bed of the channel for the service of Staten 
Island. The work, which is approaching completion, 
will cost $170,000,000, and it will provide New York 
with an additional daily supply of 500,000,000 gallons. 

Another great water supply scheme in the United 
States is that for the service of Los Angeles. The 
water is conveyed from the Sierra Mountains by means 
of an aqueduct which is partly open canal, partly cov 
ered canal, partly in tunnel, and, where it crosses the 
valleys, consists of large siphons 7% to 11 feet in diam 
eter. The totai length of the structure is 254 miles, and 
in its completed condition it will supply Los Angeles 
with 250,000,000 gallons of water daily. 

The greatest irrigation project in the world is that 


being carried out by the United States Government for 
the reclamation of desert lands lying between the Mis 
sissippi and the Pacific Coast. The great work consists 
mainly in the construction of dams, most of them of 
sreat size, for impounding the flood waters of the rivers 
and streams of the west and providing a vast system of 


cause of limitations of space, we 
must be content to mention only the 
last and largest plant of all—the 
Keokuk dam across the Mississippi. 
This is a private commercial venture, built to furnish 
light and power in the Mississippi valley The dam, 
1.278 feet in length, reaches clear across the Mississippi; 
it is founded on good rock and has a bottom width of 
42 feet and a height of 53 feet. The floods are con 
trolled by gates, built in the dam. The power is devel 
oped in a vast power house, 132 feet wide and 1,718 feet 
long, which contains 30 hydrs-electric units, each of 
7,500 kilowatt capacity. 
Long-span Bridges. 
In tracing the development of bridge design and con 


struction in this country and abroad, we find that, early 
in the period under review, American practice showed 
a broad divergence from that common in Europe. In 
the United States the typical American bridge, particen 
larly the truss bridges used for railroad work, was de 
signed with trusses of great depth and with long mem 
bers of rather small cross sections, the result being to 
give to the American bridge an appearance of lightness 
and fragility, which, at least as far as its strength was 
concerned, was misleading Probably # predisposing 
cause to this, and particularly to the universal adoption 
of the eye-bar for tension members, was te be found in 
the necessity for strict economy and in the universal 
desire ot the American manufacturer to standardize 
work ii the shop and in the field, and produce a type 


of bridge which would be easy of construction and ere 

















The Olive bridge dam—Length of dam, 4,650 feet; height, 220 feet; thickness at base, 190 feet. Capacity of reservoir, 132,000,000,000 gallons, 


A monumental work in the Catskills for supplying New York daily with 500,000,000 gallons of water. 
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M pa 1.470 fe Shore spar 725 feet Width of floor, 120 feet Capacity Four electric railways; a 35-foot lway. and two 10-foot footpaths 


The Manhattan suspension bridge across the East River, New Yoru. 





tion. a relative ther types of —————— : a was built double—that is to say 








ridge ! ‘ omica ‘ t there was a track within each tube, 

In Ee t v I the spans consisting of four of 230 
i t i isl feet and four of 472 feet. This bridge 

: rnd thi ‘ produced as much astonishment and 

ur ‘ ecti f tl doubt as to its feasibility as the 
‘ ‘ ilso a Brooklyn bridge or the Forth bridge 

inere t ht of tl did in later days; but it proved a 
The An bar bridge Lit vreat success and is in active service 
the ad iZ f heay t a to-day Of the same type was the 
quick i t Victoria bridge across the St. Law 
while ® Bu en | " rence River, a monumental struc 
ing wu me, a " ection ture, consisting of 25 spans, each 244 
d costi tl lvantage feet in length It was removed 

f wr ‘ eneru about fifteen years ago to make 


way for a more modern structure. 








During t ‘ \ In 1855 Roebling built the Niagara 
eu the tw ! f «ke ha suspension bridge with the then un 
raw! towet ‘ «rl precedented span of S21 feet, and 
that now the t \ nineteen years later he commenced 
in later I ft | the vonstruction across the East 
riveted ty ling en River, New York, of that truly beau 
ig } An i tiful and monumental bridge with 
“4 " that ju col Which his name will be ever asso 
brated ‘ Robert Step ! ciated Phe Brooklyn Bridge, as it 
present pla f enti eV Is now called, is carried upon four 
type of | we pan of whiel 15-inch wire cables. It consists of 
msisted of ilar, plate two shore spans, each 900 feet in 
tuts he t i length and a main river span 1,595 
te wt the tf | of the | = feet between the towers. The work 
tw Dat © ¢ 1 1.710 feet long Carries two railroad tracks 

ow Ru Was completed and opened in 1883. In 
ueross the Me . ts. I lorielace Forth bridge, Scotland; largest cantilever bridge in existence. point of size und capacity there was 
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ire welghs 26 tons per lineal foot. Capacity: Four of the heaviest freight trains on four tracks 


Hell-Gate bridge over the East River. Longesi arch bridge yet built. 
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nothing to approach this structure at that time in all 


the world. The suspension bridge is a peculiarly Ameri 
for long-span work. In 1895 the 


River was com- 


can type, especially 
Williamsburg bridge over the East 
menced, and after about seven years’ work was opened. 
This structure was far more solid and had much greater 
apacity than le Brooklyn bridge, the full width of 
the floor system being 115 feet, as against the SO feet of 
width of the earlier structure, This was followed by 
the Manhattan bridge with a main span of 1,470 feet, 
and a full width of 120 feet. 

The great rival to the suspension bridge for long-span 
work has always been the cantilever, and of this type 
the most notable example is the great structure across 
the Firth of Forth, a few miles above Edinburgh, Scot- 
land. This is a two-track railway bridge, and at the 
time it was built it was the wonder of the engineering 
world, and it is to-day and must forever be one of its 
most monumental structures. The two main spans 
measure 1,710 feet in the clear and its most interesting 
structural feature is the fact that the compression mem- 
bers are big tubes, generally of circular section, meas- 
uring from eight to twelve feet in diameter. The 
tension members are of lattice work. Benjamin Baker, 
its principal designer, said that he started out to build 
the stiffest and strongest large bridge in existence; and 
he succeeded in doing so; for the heavy express trains 
to and from North Scotland cross it at speeds of 60 
miles an hour and over. 

The new Quebec bridge across the St. Lawrence, 
which will replace the structure which collapsed a few 
years ago, consists of a main river span of 1,800 feet. 
This will be the longest cantilever span in existence. 
The bridge carries two railroad tracks, and it will weigh 
18 tons per linear foot 

The longest single span arch bridge in the world is 
that which is now under construction across the East 
River at Hell Gate 
tracks capable of carrying the heaviest freight trains 


which will provide four railroad 
in existence. It measures 1,017 feet between piers, and 
it rises 220 feet from the hinges to the crown of the 
chords. Its weight will be enormous, namely 26 tons 
per lineal foot of the bridge. The size of its members 
is shown by the dimensions of the lower chord, which 
is rectangular and about seven feet wide, and varies 
in depth from seven and one half feet at the crown to 
ten and a half feet at the abutments. 

What the future will see in the way of the develop- 
ment of long-span bridges is suggested by the fact that 
plans are made and financial negotiations are under 
way for the construction across the North River of a 
double-deck combined freight-and-passenger suspension 
bridge, capable of carrying sixteen tracks, whose span 
between the main towers will be about 3,000 feet. The 
main towers of the bridge will rise over six hundred 
feet above the surface of the river. 

Canals. 

The construction of canals for inland water trans 
portation dates from the earliest times. At the opening of 
the period under review, the Erie Canal connecting the 
Hudson River with Lake Erie may be taken as typical 
of such work both here and in Europe. It was opened 
in 1825, when it had a maximum depth of four feet, 
and its total length was 363 miles. Between 1836 and 
1862 it was gradually improved, the depth being in- 
creased to seven feet: and at that time it had seventy 
two locks. During the past decade further improve- 
ments have been undertaken with a view to increasing 
its capacity, and the work now under way and with 


in measurable distance of completion will provide a 
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New York’s highest building and deepest shaft. 
Where the aqueduct dips under the East River it 
sinks to a depth of 750 feet below the surface. 

















Launching section of Harlem River subway tubes. 
Flat boats being sunk to set the tube section 
afloat. 
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canal with a minimum depth of twelve feet, capable of 
taking barges of 1,000 tons. The canal leaves Lake 
krie at an elevation of 565.6 feet above tide level, and 
reaches tide level on the Hudson River at Waterford 
In the new canal the number of locks is reduced to 50 
and the whole work of improvement at completion will 
have cost about $125,000,000. 

The period under review has seen the completion of 
several great canals of the largest capacity designed 
for the use of ocean shipping. The first of these wa» 
the Suez Canal, which connects the Mediterranean with 
the Red Sea. It was built by De Lesseps and com 
pleted in 1869. Originally it had a bottom width of 120 
feet, 250 feet width at the surface and was 28 feet 
deep. In 1897 work was begun on the enlargement and 
deepening of the canal to a minimum depth of 31 feet. 
It has been improyed, not only by increasing its width, 
but by the construction of several large and commoedious 
sidings to facilitate the passing of vessels. 

The Kiel Canal, stretching from the mouth of the 
Elbe to the Baltic, a distance of sixty miles, was begun 
in 1887 and completed in 1895, with a bottom width of 
seventy feet and a top width of 220 feet, and a depth 
of 29% feet. This year the work of reconstruction 
and enlargement was completed, and to-day the canal 
has a top width of 335 feet, a bottom width of 144 feet 
and a minimum depth of 36 feet. The iocks, 1,082.6 
feet long by 147.6 feet wide, are the largest in existence 
The canal is proving its vast military importance dur 
ing the present war. 

The greatest of all works of this kind, however, so 
great indeed, as to be in a class by itself, is the Panama 
Canal, which was commenced in the early eighties by 
De Lesseps, and after many years of fruitless endeavor 
was finally purchased by the United States Government, 
and has recently been completed by the United States 
engineer corps. The Panama Canal is remarkable not 
so much for its length, which is fifty miles from deep 
water to deep water on the Pacific, as it is for its great 
width and depth, and for the enormous amount of exca 
vation involved and the great difficulties encountered be 
cause of the climate and because of the unstable natr re 
of the ground through which it is cut. Our American 
engineers solved the problem of the turbulent Chavres 
River by building the great dam at Gatun, with its 
surface level eighty-five feet above the sea and a surface 
area of 165 square miles. The lake extends from 
Gatun, some eight miles from the Atlantic, to the farther 
end of the Culebra cut, a total distance by the channel 
of 32 miles. The dam is over 2,000 feet wide at its 
widest point, and its crest is 115 feet above sea level. 
The depth of the canal throughout is 45 feet. Its mini 
mum width at the bottom is 300 feet, and its maximum 
width 1,000 feet, where the channel passes through 
Gatun Lake. 

The locks have usable length of 1,000 feet and a 
width of 110 feet. The total amount of excavation 
long ago passed the 200,000,000 cubic yard mark, and 
The canal is finished ex- 


it is continually increasing. 
cept for the removal of the slides, which will probably 
continue to come down into the canal prism until the 
unstable material in the Culebra cut has reached its 
natural angle of repose. It is possible that the final 
tota! of excavation when this point is reached wil! be 
between 230,000,000 and 240,000,000 cubic yards. The 
total cost of the canal will be about $400,000,000 
Sub-aqueous Tunnels and Subways. 

Over the portals of the main towers of one of the 

early suspension bridges, that over the Avon at Cliften 


(Concluded on page 558.) 
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The Gatun locks of the Panama Canal. 
1,000 feet long. 


Each basin is 110 feet wide by 





Height, 52 feet. 


Keokuk dam across the Mississippi River for generating 300,000 horse-power. 


Length, 4,850 feet. 
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Louis Daguerre, from a daguerreotype. 











Joseph Nicéphore Niepce, inventor of photography. 
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Fox Talbot, the father of modern photography. 


The Invention and Development of Photography 


Krom the Daguerreotype to the Moving Picture 


cle Niepee whose process appeared in IS24 In the 


T lit father f photography was Joseph Nicéphore 
Niepce process, a silver-faced copper plate was coated 
with asphalt dissolved in oil of lavender and dried It 
was then exposed to light in the camera, or in the case 


of an engraving, by superposition Thereupon it wa 


washed over with a combination of one part of oil of 
lavender and ten parts of petroleum The picture was 
then washed in water and dried Next the plate was 


placed in an lodine fuming box until the bright silver 
ground turned dark. On removing the part f the 
asphalt remaining, the lights and shadows of the pic 
ture appeared in their proper relation, or instead, the 
plate was etched and inked and printed as in ordinary 
etching 

Next came |! J. M. Daguerre whe published his 
process in 1830 A copper plate, one surface of which 
had been silvered and highly polished, was fumed with 
iodine, then exposed in the camera and developed with 
vapor of mercury, and fixed in a solution of hyposul 


phite of soda The solvent action of hyposulphite of 


soda on the silver haloids was discovered by Sir John 
Hersche! This is briefly the process as published by 
Daguerre in 1830 The exposure required in the 


camera was about fifteen minutes Niepee and Da 
ruefre had formed a partnership to prosecute their 
researches togethet! so that some of the credit of 
having invented the daguerreotype process belongs t: 
Niepce 

Soon after this, however, by the addition f bromine 
to the iedine by Goddard S40) and hlorine 
Claudet (1841) the plates were mace el sensiti 
We find Pr. Draper in New York in the ear 1S4 
making laguerreotyy. portraits in from twenty t 
ninety second M. Fizeau discovered that bv treati: 
the daguerreot yp th double hyposulphite of soda and 
goid it was made m« permanent and ve much more 
beautifu 


Fox Talbot and the Calotype Process 


Next enme the Ca!otype or Talbotyvpe, the inventi 
‘f Mr. Henry Fox Talbot rhis may be regarded as one 
of the most important inventior il mhotograpl for i 
introduced the photographic negative from which a1 
unlimited numb f prints may be mace Talbot 
ros Wat iblished in 1840 \ solution of nitrate { 

, 1red. brushed 


per, and dried 


I'he ! ‘ dipped in a 
out iodide of potassium 

isl te missed between 
blotting paper ind dred rhis 
was called iodized paper 

When tl paper was required 
Tor wWwse it Wa vashed with 1 
olution of nit! e of silver fifty 
grains vater one ounce icetic 
icid one sixth of an ounce rhi 


was called “Solution A 
lution B” was a saturated 
solution of galiic acid in cold 


wate he two solutions were 

















The first photograph of a human face. 


A portrait of Miss Dorothy Catherine Draper, taken in 
America It required an exposure of 6 minutes in strong 
ght. 1 I I Toho W i Draper (1840) 
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The first kodak (1888), showing roll-holder and 


roll film for 100 exposures. 


ling. unloading and d ying were done at the factory 





The first moving pictures ever exhibited in public. 


They were made by Henry Heyl and were projected on a screen before 1,600 people in 


Philadelphia in 1870 


mixed in equal parts, just before using. Talbot called 
this “gallo-nitrate of silver.” 

The iodized paper was treated with this solution and 
again dried. The paper was then exposed in the camera 
and developed with the gallo-nitrate of silver and fixed 
Talbot found later that, by 
waxing, the paper negative was rendered more trans- 


in hyposulphite of soda 


lucent, so that it gave better results in printing. 
Wet-collodion Negative and Albumen Silver Print. 

rhe use of collodion as a vehicle to hold the silver 
haloids upon plates originated with Frederick Scott 
Archer in 1850 

Pyroxyline is dissolved in a mixture of ether and 
alcohol; soluble iodides and bromides are added to this 
The mixture is flowed over a glass plate and allowed to 
set, and then immersed in a bath of silver nitrate. This 
plate after exposure in the camera is developed with 
icidified ferrous sulphate or pyrogallic acid. 

This process was used almost exclusively for making 
both negatives and positives on glass for many years, 
but its use is now very limited except in the photo 
mechanical processes 

Blanquard-Everard introduced albumen paper into 
photography in 1848, after Claude Nicéphore Niepce de 
St. Vietor had shown that good negatives could be made 
by the use of albumenized potassium iodide, sensitized 
with silver nitrate on glass. Gray invented the col 
odion process in 1850, which only one year later was 
rought to perfection by Fry and Seott Archer. Lemer 
cier, Barreswill, and Davanne invented photo-lithog 

phy in 1852. After Henry Fox Talbot introduced the 


chrome gelatine process, it was but a step for Paul 
Pretsch to obtain the printing plates by electrotyping 
swelled gelatine negative (1845),and thus to invent helio 
graphy. Talbot’s work also inspired the French engineer 
Alphonse Louis VPoitevin to use the chromate gelatine 
process for devising the modern carbon process in 1855 
Printing-out Papers. 
Printing-out papers are made by coating paper (usu 


} 


illy enameled) with an emulsion composed of gelatine, 
chloride of silver, with more or less free nitrate of sil 
ver. Most of them are faced with collodion. The 
process Was first worked out successfully by George 
Wheaton Simpson in.1861 with collodion, and by Abney 
in ISS1 with gelatine The newer developing papers, 
one of the most successful of 
which is the invention of Dr. Leo 
H. Baekeland, have all but super 
seded the printing-out papers 

The Evolution of the Carbon 

Process. 

Carbon printing, in the form 
now in use, is the result lof the 
action of many minds, and the 
nonor of its discovery cannot be 
ascribed to the ingenuity of any 
“one person. It may be traced 
Mungo Ponton 
in the year 1839 discovered 


back as follows: 


that white paper treated with a 


(Concluded on page 560.) 
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Charles Wheatstone, a great Eng- 
lish physicist, who was a_ pioneer 
worker in telegraphy. 





Communicating Over Great 
Distances 


The Invention of the Telegraph, Telephone and 


Wireless Telegraphy 


A Record of Achievement from Morse to Marconi 




















Sir William Thomson (later Lord 
Kelvin) inventor of the siphon re- 
corder. 














TE. HE Scientiric AMERICAN came into 
I existence with the dawn of telegraphy 
The pioneer discoveries in electro-mag 
netism had been made by Oersted, Ampére, 
Arago, Barlow, Sturgeon, Faraday, and 
Henry. Without them Morse could not 
have created the telegraph, as we Ameri 
cans know it. The same may be said of 
Wheatstone in England, and of pioneers 
in other countries. Europeans are not 
willing to concede to Morse the credit of 
having invented the telegraph, and Ameri 
eans are not willing to concede to Euro- 
peans the credit of having anticipated 
Morse. As a matter of fact, the invention 
of the telegraph, like most great inven 
tions, does not belong to any one man or 
any one country It grew with scientific 
knowledge. To Morse undoubtedly does 
belong the credit of developing the com 
mercial side of the telegraph, as we know 
it. He, in conjunction with Vail, worked 
it out on a practical scale, perfected de 
tails, invented the Morse alphabet, and 
last, but not least, succeeded after a great 
amount of trouble and many disappoint 
ments in obtaining the support of Congress 
toward making it a national enterprise. 

After the instruments had been brought 
to something like commercial perfection, 
the next important advance was multiple 
transmission. In 1853 Gintl of Vienna 
and Frischen and Siemens and Halske in 
dependently experimented with apparatus 
intended to transmit simultaneously from 
toth ends of the same line. While the 
solutions proposed by these inventors wer, 
mechanically sufficient for the purpose, 
they overlooked an important factor which 
had not before been considered important 
in land telegraphs-—the electro-static ca 
pacity of the line. This difficulty was first 
successfully overcome by Stearns of Bos- 
ton in 1871, at a time when duplex work- 
ing was fairly common. The chief work 
ers in this field were Gintl, Frischen, Sie- 
mens and Halske, Preece, Farmer, Nys- 
trom, Maron, Winter, Stearns, and Muir 
head 

The problem of how to send two mes 
sages in the same direction being solved, 
the transmission of four messages simul- 
taneously over the same line was attacked 
This seems to have been first proposed by 
Stark of Vienna in 1855, and subsequently 
worked at by Bosscha, Kramer, Mason 
Schaak, and others But the first to ob 
tain satisfactory results was Edison, who 
invented his method in 1874. The prin 
ciple embodied in the quadruplex is that 
of working over the line from each end 
with two current that differ from each 
other in strength or nature, so that they 
will affect only instruments adapted to re 
spond to just such currents and no others ; 
and by so arranging the receiving appa 
ratus as not to be affected by the currents 
transmitted from its own end of the line 
Thus by combining instruments that re 
spond only to variations in the strength 
of currents from the distant station with 
instruments that respond only to the 
change in the direction of current from 
the distant station, and by grouping a pair 
of these at each end of the line, the 
quadruplex is the result. Four sending 


ind four receiving operators are kept busy 











Grandfather of the stock ticker. Original Hughes printing telegraph. 





























The original Morse receiver. In 
the center Bain’s telegraph re- 
ceiver used on New England 
lines about 1850-1866. 








Below, the  * é 
original Morse 
telegraph of 1846 

in National Museum. 






¥ 

















Samuel F. B. Morse, his telegraph and that of Bain. 


ut each end, or eight in all Aside from 
other material advantages it is estimated 
that at least from $15,000,000 to $20,000, 
000 has been saved by the Edison quad 
ruplex, merely in the cost of line construe 
tion in America. 

Another system of multiple transmis 
sion was proposed by Moses G. Farmer 
of Salem, Mass., in 1852, in which by a 
commutating arrangement the main line 
was put in rapid succession in contact 
with a series of branch wires by proper 
connection at the sending station and two 
communicators worked in unison. It was 
then proposed to divide the transmitting 
capacity of the main line wire among a 
number of branch wires, so that the mes- 
sages might go over all of these at the 
same time. A similar arrangement was 
proposed by Meyer and shown in opera 
The 


tion at the Vienna exhibition in 1875 


same principle is adopted in Delaney’s 


telegraph. 

Although the mere extension of tele 
graphs from land to submarine lines can 
hardly be called invention, yet very many 
new problems presented themselves for 
solution in this extension. The applica 
tion of Stearns’ duplex method to subma 
rine telegraphs involved peculiar difficul 
ties on account of the very large capacity 
of the line, and in the more tmportant 
cables, the length of the circuit. The 
credit of having completely overcome these 
difficulties for submarine cables is mainly 
due to Dr. Muirhead of London. The 
electro-static capacity of the line ts such 
that signals could not be so instantaneous 
iy transmitted as they were on land lines 
Moreover, there was no opportunity of us- 
ing relays so as to shorten the longer lines 
Then there were the evident mechanical 
difficulties of manufacturing and of sub 
merging a cable in deep water. The e 
periments in short lengths in the Ene 
lish Channel and elsewhere kad proved 
successful and had aroused the interest of 
American and English business men in a 
transatlantic cable. It is due to the per 
sistence of Cyrus W. Field that we 
the laying of the first transatlantic cable 
in 1866. The Anglo-American Telegraph 
Company was organized to undertake the 
task. With the aid of the Great East 
ern” a submarine cable was laid between 
Valencia, Ireland, and Trinity Bay, New 
foundiand, between July 7th and August 
ith It is needless to recount the earl; 
suecess, the cessation of intercourse due to 
accidents and the fina! resumption of com 
munication They are now matters of 
common knowledge. 

The laying of long cables brought out 
the fact that existing telegraphic appa 
ratus was not sensitive enough for rapid 
signaling Thomson, later Lord Kelvin 
overcame the difficulty by inventing the 
mirror galvanoscopic receiver, which in 
vention he followed later by his siphon ré 


; 


corder, probably the most sensitive record 


ing telegraph known Improvement in 
methods of working cables soon followed 
among which in the early da) praébabhs 


the most notable, is the introduction of 
condensers between the ends the cabl 
and the earth 


A few vears ago, Johu Gott of Hove 








Bell's original Centennial iron box receiver 
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\lexander Graham Bell. 


Emile Berliner. 
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rhe first instrument made and used by Bell. 




















S USN ] gin nted ew method by which 
Morse ils ! ent tl mich tor submarine 
ables with ne a oach to the facility enjoyed in the 
transmissior f e familiar dots and dashes on over 
nad ir t he ethod obviates retransmission at 
the ent on end and eliminate the siphon re 
t ‘ tuting for it an ordinary Morse recorder 
Ww s ‘ 

Suc fu rh istance cable working has involved 
the we of a reve it key, to send two element signals 
hw char w the rection of the current I Gott’s 
method the change iu direction of the current is effected 
fter enc v by the use of a tx rized relay through 
which the cable lischarged, and the path of the cur 
ent reversed f the next endin vnal With thi 

stem it is possible for an operator at San Francisco 
to communicate directly with London While the meth 
mi doe at enomenally increase the actual speed of 
fransmi lol it makes submarine telegraphy more ac- 
uiat effective and uniform 

High Speed and Printing Telegraphs. 
From the dawn of electric telegraphy inventors have 


work filling the patent records with printing 


heen at 


telegraph hemes, some brilliant, some stupid and 


nearly all useless Out of several hundreds of printing 


telegraphs invented prior to the beginning of the twen 


tieth century, only the Hughes and Baudot and the 
stock ticker iwehieved any real success With th. 
tock tlheke the problem to be solved was compara 
tively easy They were required to work only over 
listances of a few miles High speed was desirable, 
but not absolute necessary One man by playing on 


messages to a considerable 


an kevybourd could transmit 


number of subscribers, and there was no necessity to 
deliver the me ges, no nee! to count the number of 
words in each message, to sign and time the messages 


or ut np the taj and paste it on telegraph blanks, no 

















Copyrighted by Brown Bros. 


Prof. Michael I. Pupin, inventor of the load coil 
that made transcontinental telephoning possible. 

















Model of the Reis telephone in the National Museum 
of Washington. 


this field In a paper which he published some years 


izo he summarized the whole situation excellently as 
follows: 


instrument prints on a tape, and the speed 


The Hughes 


manual dexterity of the operator and the 


in compared with the Morse key is s1 


which is largely used in 





printing telegraph, 


connects Paris with nearly all the Eure 
be described as a multiplied Hughes, a« 
Hughes 


edingly ingenious, hight, 


four and ven six instruments 





le wire It is exe 





within its limitatior 





practical ind dmirable serv rl 


uit it is not a fully developed prnting telegraph system 








ause it is not provided 1 typewriter ke oard 
transmitting, and it does ne t the m iges in pax ort 
It prints or 1 tape nd not say laber to 1 iD 
rreciable ent mpared with the M h Its xz at 
irtu st t it saves wires In fact n France and some 
neig I ountric it 1 be said to ive met the want 
that has en supplied in Anglo-Saxon countries by th Morse 
quadruple The Mor quadruplex and the Baudot mig 
ve descr i as the second stage in the development 
modern t graph I third and final stage of completel 
develon machine vy has only been reached aft 
1900 Within this brie period there bas arisen the Pollack 
Virag Buckinghar Rowland, Murray, Morkrum, and Sie 
mer 1 Halske igh-speed telegraph systems relegraph 
omy : nd governments have never been kindly dispose 
toward 1 ne telegraphy 


Alexander Graham Bell and the Telephone. 
The i 


vreatest 


vention of the telephone constitutes one of the 


advances that have been made in the art of 


communicating over great distances. It is well known 


hat sound is transmitted through the air from speak 
er to hearer by means of waves, condensation and rare 
faction, which affect the drum of the ear. As early as 
ISS1 Wheatstone that 


transmitted from one place to another at a 


showed these waves could be 
moderate 
distance through wooden rods and afterward conveyed 
to the air by the vibrations given to the air by the end 
of the rod given to one dia 


Similarly, vibrations 


hhragm to produce the corresponding vibrations in an 
other diaphragm at a distance by means of electric eu 
rents was the problem of the electric telephone The 
first to propose this appears to have been Charles Bour 
seul, who in 1854 suggested the use of two plates, one 
transmitting station, which, by the varying pres 
sure of the air due to the sound waves, would open 
and close an electric circuit while the other was to be 


wted « ut the receiving station by an electro-magnet 


through which the electric currents passed. 
In 1861 Philip Reis of 


1 lecture an instrument which he called a telephone, for 


Friedrichsdorf disclosed in 


the production at a distance of music and human speech. 
rhe apparatus consisted of a flexible membrane forming 
means of a mouth 
This 


to open and close an electric circuit at each 


one side of a box, with which by 


piece the sounds could be directed. instrument 


was made 


vibration. At the receiving end, an electro-magnet con 


sisting of a thin rod of iron surrounded by a coil was 


placed The successive interruptions and closings of 


the electric circuits took place in accordance with a 


discovery made by Dr. Page of Salem, 


Mass., in 1837. 





om to keep copies of the messages for record, or put 
them in envelopes or address the envelopes and send 
fhem out by messenger The conditions were of the 
imnplest characte and the consequence ha been that 
the toek tickers long ago reached their fu develop 
ment (>me f the earliest of these stock tickers was 
that of I? =. & Laws, who patented at the end of 
1866 his gold reporting telegraph I A. Callahan, an 
ngenious printing telegraph operator, saw that there 
\ unexhausted possibilities in the idea, and his fore 
sight and inventiveness made him the father of the 
tick in necth with which he was thus, like Laws, 
ovune f the first to grasp and exploit the underlying 
prineinle of the central station as a tnniversal sours 
f supply Callahan transformed his indicator into a 
ticker that would make a printed record At this jun 
ture Edison entered the field In collabor 

ition with Pon he vented a one-wire 
printer Financed b Gen. Lefferts he 
started to impre the stock ticker The 
well-known universal ticker in widespread 
uxe in its day was one result Since the 
the stock ticker has enjoved the devotion 

f many bi inant inventors G. M. Phelps 
H. Ven Hoevenberg! 4. H. Knudson, G 
nh. Seott. S. TD Field ind John Burrs 

aml rermatnus | extensive use as an ap 
pliance for which no substitute or com 
vetitor has been found It is significant of 
bulison’s work w dimmed and overlaid 
byw later advance t it at the ery outset 
he ecornized the ital nportance of in 
terchangeahilit ‘ mstruction of this 
de'lente a = t iratus 

athe only snecessf e printing tele 
graphs in ver f use to-day in 
Purope are still nothing but rified stock 








There is no good reason to suppose that 
Reis’s telephone ever talked, although it 
musical sounds 


probably did transmit 


Iiis methed could not be successful for 
speaking simply because speech has more 
characteristics than pitch. To reproduce 
not only corresponding vibrations, but also 
quality of the 


loudness and sounds, a 


transmitter and receiver were required 
which did not depend for their action on 
such 


interruptions of the current, but 


which varied the current in a pulsator) 
manner similar to the variations of pres 
sure on the diaphragm due to the waves 
It was not until Alexander Graham Bell 
produced his apparatus in 1876 that these 
That he ther 
oughly understood his problem is abund 


requirements , were met. 


antly clear from the patents and records 








tickers. in the terms of Mr. Donald Mur- 


ray himese!! distinguished itnventer hi 


Marconi and one of his early wireless sets. 


Without re 


(Concluded on page 286.) 


of his ear'y experiments, 
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The Patent Office and Invention Since 1845 


How the Government Has Kept Pace With the Inventor 


N 1845, the birth year of the ScIENTIFIC AMERICAN, 
a present patent system was nine years old. In 
1836 the Patent Office was placed on a distinct basis, 
the system reorganized and the examination or Ameri- 
can method of searching patents inaugurated. 

Thomas Jefferson Was the First Commissioner 

of Paten.s. 

The American patent system was founded under the 
act of 1790. Under this act the Secretary of State, 





1910 
35,930 











INCREASE OF POPULATION, TOTAL WEALTH, 
VALUE OF PRODUCTS AND ANNUAL ISSUE 
OF PATENTS FROM 1850 TO 1910 


1910 


1910 £20,600,000,000 


$125,000,000,000 
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the Secretary of War and the Attorney General consti- 
tuted a board to consider all applications for patents. 
Thomas Jefferson, the first Secretary of State, was 
in effect the first Commissioner of Patents and the first 
Examiner. It is said that he personally examined into 
and determined the patentability of every application 
filed during his first years in office as head of the State 
Department. The grant of a patent then was not only 
a procedure of exceeding dignity, being signed by the 
Secretary of State and the Attorney 
General, but was issued with some reluctance. Only 
three patents were permitted to see the light of day in 
1790. 

From this modest beginning, the business of the pat 
ent system grew slowly, but steadily. From 1790 to 
1802 it required but one State Department clerk to 
perform all the clerical work pertaining to the Patent 
Office, the entire records of which were contained in 
Up to 1836, about 10,000 patents 


President, the 


a dozen pigeonholes. 


Patents, | 
Total Is- Total Per Capita Popula- Value of 
sued to Wealth | tion Products 
that year | 
1850 7,000 7 Billion $308 23 Million 1 _ Billion 
1860 27,000 16 : 514 31.4 . 1.885 “ 
1870 98,000 | 27* “ | 750* |38.5 3.400 “ 
1880.| 223,000 | 43 870 |50 “ 5.3 
1890 419,000 65 1,036 63.6 “ 9.4 
1900 640,000 | 8814 1,165 76 * 13 
1910 945,000 |125* 1,400* 92 20.6 


* Estimated 


were granted. In that year, the Patent Office became 
bureau, headed by a commissioner, 
examiner other subordinate 
clerks and employees. While the reorganization gave 
the Office a dignity and standing it did not have before, 
still the force provided to cope with the pressing de- 


an independent 


assisted by one and six 


mands of inventors does not 


By William I. Wyman 


which a search through patents and publications was 
made to determine the question of novelty. This act 
also for the first time made a positive rec 1irement for 
the inclusion of a claim in the specification in the fol- 
lowing terms: 

“He [the inventor] shall positively specify and point 
out the part, improvement or combination which he 
claims as his own invention or discovery.” 

The Early Days of the Present Patent Office. 

In 1886 the erection of the Patent Office was begun; 
the building was finished in 1840. This original struc- 
ture forms the F Street wing of the present building. 
In 1845 the patent system was well on its way and the 
Office properly housed, with an official force of one 
commissioner, two examiners, and two assistant exam- 
iners. In that year, 1,246 new applications were filed, 
besides many caveats, and the work was becoming too 
heavy for this limited force to handle effectively. This 
condition became and continues to be chronic. 

Even as early as 1850, only five years after the found- 
ing of the Screntiric AMERICAN and but fourteen years 
after the reorganization of the Patent Office, American 
inventions were numbered among the most notable pro- 
duced. In 1857, this country issued over one third more 
patents than Great Britai:, which at that time had 
a substantially greater population. In that year, the 
United States with a population of 23,000,000 issued 
2,910 patents, Prussia with almost 17,000,000 issued 48, 
while Russia, with 70,000,000 population, issued 24 pat- 
ents. Commissioner Holt, in his annual report for that 
year, in reviewing the statistics, grows eloquent and 
philosophizes thus: 

“As the light of liberty waxes dimmer, so does the 
inventive genius flag and dull apace, until finally, amid 
the darkness of the political night which broods over 
Eastern lands, it is utterly extinguished.” 

The Ante-Bellum Period of American Invention. 

During this decade, the one immediately preceding 
the civil war, the stimulating influence of invention 
upon industry became noticeably Southern 
New England was tending to become a gigantic work- 
shop and the character of entire sections of New York 
and Pennsylvania and Ohio radically changed from 
agricultural to industrial communities. The invention 
of the sewing machine—the greatest labor-saving device 
of the ages—was of itself a tremendous stimulus, and 
the opening up of the West through the railroad meant 
activity in iron production and the basic engineering 
industries. The reaper and the thresher made the open- 
ing up of the West profitable and the inventions in fire- 
arms, machine tools, locks and labor-saving devices and 


apparent. 


textile machinery initiated new industries and acceler- 
ated the growth of the country by leaps and bounds. 
By the time the civil war broke upon the country, only 
a quarter of a century after the inauguration of the 
present patent system, and in spite of the pre-eminently 
agricultural character of her pursuits, this country gave 
every evidence that she was to be among the first of the 
industrial nations. 
After the Civil War. 

The distracting period of the civil war over, activity 
in enterprise increased energetically, and in the year 
after the civil war closed there were filed in the office 
over three times as many applications as were filed in 
1861. 
veloping, 
inventions, which inaugurated the age of steel and our 


During the war, the Bessemer process was de- 


and the influence of this most stimulating of 


533 
present intensive industrial era, became felt not long 
after its close. Then began a period of true national 
expansion—the further developing of the West, wiih 


strenuous enterprise in reaching out with new railroads, 
building of steel mills and locomotive works—markiug 
an inflation of energy, industry and finance, which cul- 
minated in the severe panic of 1873. The country paused 
for a little whiie and took account of stock at the great 
Centennial Exposition in 1876. The wonders of our 





























THE MOST FERTILE FIELDS OF 
INVENTION, 

Patents. 

37,728 

18,772 


15,006 


Carriages and Wagons. 
Buckles, Buttons 
Harvesters 


Clasps, 


Plows . 15,907 
Mills ; 18,803 
Machine Elements 15,062 
Builders’ Hardware 15,826 


2,164 
11,930 
18,803 
11,347 
15,462 
11,059 


Games and Toys.. 

Locks and Latches. 

Mills, Grinding, etc 

Railways ‘ oe 

Railway Rolling Stock. 

Seeders and Planters... 

Water Distribution—Mains 
and Pipes, Cocks and 















































Faucets, Pipe Couplings, 
O08. sea 21,592 
Wood Working 10,060 
et 
Patents. 
Washing Machines and Other 
Laundry Appliances...... 11.385 
Steam Engines... 11,907 





SOME OF THE MOST PROLIFIC 
INVENTORS. 





Patents. 





Edison : eae . OTT = 
Elihu Thomson 617 
Francis H. Richards 847 
Edward Weston 299 
Charles E. Scribner 437 
George Westinghouse. . 340 
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Diagram showing ratio of increase of U: ited 
States patents for each five years. 














material advance, practically all of which were induced 


by invention, such as the Corliss engine, the textile 


machines, woodworking tools, machine tools, the sewing 
various 


machine, machinery and kinds of 


automatic appliances, were there spread out for inspec- 


hydraulic 
tion to demonstrate the ingenuity of the American in- 
ventor and the 
lation 


intimate re- 


existing between him 





now appear to be excessively 
large. And yet critics, whose 
was more 
their gifts 
decried the 


sense of economy 
acute than were 
of imagination, 
by an 


sheer waste entailed 


organization so extravagant 
in men. But applications 
came pouring in, and in the 
following year the examin- 
ing corps had to be doubled 
by the 


appointment of an 


ar . P 1846 
additional examiner, and in 
IS39 othe position of two 

‘ : ” 50 
assistant examiners was cre- ai” 


ated to keep pace with the 





xrowing business. 
The act of 17938 
only one which provided for 


was the 


|| 
| 





a 


the grant of a patent with- 
" 3 rae: O77 a PATENT. 
out examination. In 1836 ti | 
. 2505 PAT 
the modern examination 630 mr 





system was instituted, by 


How the number of patents issued has increased 





year by year. 


1866 





and what was 


making 









American development. 


(080 PATENTS The period from 1865 to 
1880 gave inkling of the 


dawn of a radically new 


36620 PATENTS era. The electrical age was 
prognosticated in the dyna- 

91965 PATENTS mos of Gramme, Siemens 

anc Brush, the Bel! tele- 

26292 PATENTS phone and the are lamp. But 
_____ag279 PATENTS they left no impress upon 


industry or the social life of 
the time until! the next 
period got into swing. From 
1867 to 1879, the annval num- 


ber of applications fled re 


—_—— 20857 PATENTS 


——————/S§§9§ PATEIV7S 
——— (32/3 PATENTS 


mained stationary and a ver- 
aged around 20,000 per year, 
but about the time specte 
payments were resumed, 


the cou! appeared to 


take on a ne lease of life, 
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utility of 


l Is67, 21.276 amplications were filed, and in 1S79 placed under preliminary to establishing the 
0.0500: in the next year (ISSO) the number increased his invention becomes a fixed charge and the very means 
te iZ, and in ISS9 reached 40,575, more than double to handicap him against a piratical competitor, who can 
the mber filed ten years before In that decade the start without such a burden 
ountry lit jumped forward and inventive it The Infinite Possibilities That Lie in Invention. 
genuity reached the golden age of its activity For more In 1844, Commissioner Ellsworth, contemplating the 
exhaustive treat f this decade the reader is re 13,500 patents granted up to that year, over 500 of 
ferred to tl t if page of this issue which were issued the year 1845, and apprehending a 
Phe i nm i er, Hon. Thomas Ewing hi ee ition of all endeavors 1 the field of invention 
‘ i er the ist benefits the Patent Office uttered this prediction in his official report ‘The ad 
he uferred ‘ he American people ha instituted neement of the art from vear to veal taxes our 
ral refort to overcome some of the abuse hic credulity and seems to presage the arrival of that 
have gradua pt into the practice and grown by eriod when human improvement must end.’ The 
degree to menacing proportions Among these the ommissioner could well marvel at the astounding ad 
tend it necessary interferences rhey inces made in labor-saving devices during his own life 
are ww being reduce number wherever it time, but what would have been his mental state could 
without injur t inyone’s rights ind ti rid he have been endowed with prophetic vision and have 
litigious pro ig nd lessen the financial burden foreseen but a fraction of the inventive activity which 
upon the inventor They are a source of delay and ex has taken place in a man’s lifetime from the date of 
pense to the applicants and constitute an involved and his utterance? The number of patents now is over 
burdensome handicap which has sometimes been laid a million, the annual issue is more than three time 
heavily upon the shoulders of a meritorious inventor the number of all the patents granted up to his day, 
Another innovation concerns the rights of the public ind the examining corps has increased from four to 
at large and relates to an abuse of privilege on the part almost four hundred without being able to keep pace 
of those inventors who desire to delay the issue of their with the ever growing tide of new work It is esti 
patents to proiong their life. In court practice, no mat mated that the value of American manufactures at 
ter how important the stake, an issue is soon reached tributable directly or indirectly to patentable inventions 
upon which the case may go to trial But until the imounts to the enormous total of more than twenty 


famous decision li parte Miller and the 


the orders b the present Commissionet! 


by which every dilatory prosecuted case is 


made specia! and is treated by him pet 





through his supervisory authority 
delayed 


uch coming to an issue could be 


indefinitels This, the greatest of all 
nluse of privileges on the part of appli 
cauts, is in a fair way to be effectivels 


remedied 
The Advent of the Hired 


have in 


Inventor. 


rhe larger concerns connection 


with their patent departments or in asso 


clation with them research laboratories 


highly trained engineers 


with a corps of 


and technical ind) = scientific “assistants 


improvement of a patentable na 


ture, if of proved utility or merit 


possible 


becomes the subject matter of an applica 


tion, not enly for the monopoly that a 


patent may bring, but also as a protection 


in its manufacture and as a matter of 
record The patent department advises 
the technicians whether a proposed device 
may be patented, or whethet fringes 
an existing patent, and also appraises the 


validity and value of patents offered to 
the company for sale Phe experimenta 
department wi tr out new ideus or de 
velop them to some conclusion Mar of 


the big things m come through these 


organizations, for frequently in the evolu 


tion of an art, an instrumentality may be 


s«) complex, require the expenditure of so 


much skill! ind mone to develop and 


company with 


handl the 


demonstrate that only a 


large resources 1} able to 


proposition. Thus, the General Electri 


Company took several years, plus an ex 


penditure of a few million dollars, to de 


velop the Curtis turbine It is by no 


means uncommon for a promoter to spend 


over $100,000 to develop a process or ap 


paratus so it will be marketable Id son 


who, if not incorporated, is a host in himself 


spent thousands thousands in 


upol 


issua 


nee of billion dollars, which is about 


four times the value of 
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ligures available 


the United 


States alone of seven billion dollars, annual gross reve 


livestment uu 


showing an 


sales of over a billion, in which three quarters 





nue ol 
of a million men were eng: at an annual pay-roll 
of over three hundred and fifty million dollars. These 


industries were either non-existent in ISSO or in their 
that 


were «irectiy 


incipient stage at time. Their origins and every 


iivance therein founded on inventions. 


every one of which is patented and of record in the 
Patent Office 

The Trend of Invention. 
of the different 
to time reflects accurately the changes 


industry 


classes in the Patent 


The 
(ttice from time 


activity 


constantly pass in the world of and 


The 
tilling of the soil, patents for agricul 


which 


the applied arts basic pursuit in this country 


always being the 
prominent 


implements have occupied a position 


numbers and importance throughout its history 


tural 
both in 
fhe invention of the sewing machine initiated a period 


of great activity in a new art, while the telephone let 


loose a flood of inventions for adaptations and improve 
ments The new electro-chemical industry came into 
being about the middle of the eighties and patent 
activity with relation thereto was high at the same 


time. The incandescent lamp started the electric age. 
still are, and patent concern in all 
still The and fall 


wave of interest in automatic car 


in whose vortex we 


things electrical is intensive, rise 


of the bicycle, the 


couplings, the first surgings of activity in aeroplane 


invention, and the deep concern of the 


great ingenious to solve the urgent non 
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To all to whom thefe Letters Patent thall come : 


yy »* cy . 
W wuerzAs “ter. —Lacharee : 
* bee rylarnl, 
} 


The United States of America. 


a citizen of the State of 
in the United States, hath alleged that he has invented a new and ufcful improvement 


Y 7 
the Pode of mending paths ard brads 1 bea coll eten 
aA 


refillable bottle these move 
ments have been reflected in the filing of 
applications in the Patent Office. In re 


automobile is establishing 


problem—all 


cent years the 
records, the arts relating to internal com 
bustion motors, carbureters, gearing, self 
starters, accessories, alloy steels and heat 
treatment of steels being specially active 

The United 
record in the field of invention: 


States has by far the 


(“ proudest 
~ whether reckoning by the number of pio 
it ena neer products, their ingenuity, or their 
. i li 3 bas made oath, that he « veri . : . 
which improvement has wot been known or uled before his pplication ; , : far-reaching effects in the greatest diver 
believe that he is the trae inventor or difeoverer of the faid improvement 5 has paid into the Treafury of the United it > field | nai ; 1 : ; 
States, the fur of thirty dollars, delivered a receipt for the fume, and prefered a petition to the Secretary of sity of fle : ~~ oo oo s omens 5s - st 
f Se “tgulyingn delen of ctnsining ws exclufive property in the faid improvement, and priying that a patent place. Varticularly in labor-saving devices 
atc. > . 
. ‘ - o the 6 Nltry loes she stand fore st. Ne 1e in all 
anay be granted for thar parpaler | Twese ane rwentrgns 0 GM, APUG NE: Sree went oy Mer does she id foremost » one in all 
ler chuhte his ‘heirs, scininiftrstors or aihgns, for the tetm'of todrtcen year, the full dnd history has worked so hard to save labor 
ae! exclufive right and liberty of making, conftrudting, ufing, and vending to others to be ules! the faid improvement, is the Yankee. The greatest of all labor 
. 4 Sechicare humfelf, in the . 7 7 - M : 
saving devices, the sewing machine, is his. 


jeter 


a deicription whereof is given in the words of the faid 
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In ¢eermony wuentor, J have cow fed theje Letters to be made Pe 


United States vo he bereunte affixed. 


<, the Tear of our Lard, 
wdependence of the United States of America the 





f : 
Giver wader my band, at the City of Philadelphia thi forte day 
one thowfand foven huedred amd imety vi x, 
Sicreseletth 


and rhe Seal of the 


f Ma 


and of 1 


and outside of textile machinery, practi 


cally all the great advances in this de 


partment have been of his invention, as 


vitness the cotton gin, the reaper, shoe 


machinery, typewriter and typesetting 


muchines. 


In the field of electricity the American 








has made experiments by the hundreds before he 


a position to announce results. There are 


some devices ing 


was in It has been said that the single invention of 


steel by the Bessemer process doubled 


produe 
directly or 


through its influence, the world’s wealth in the third of 


which are so intricate in design, notably type setting 
and casting machines, that anywhere from a quartet 1 century after its introduction. The forcing effect of 
to one million dollars may be expended in construction patent protection on industry is well illustrated in the 
and improvement, in trials ind change only to prove eases of such branches as are directly based upon in 
eventually, what could not possibly be determined in vention, and which did not exist or were in a negligiblh 
advance, that it could not meet the various require state in ISSO 
ments demanded in commercial practice Mark Twain Sta <a he Ye 29 
sauk his perso fortune f several hundred thou SOME OF THE IN STRIES CALLED IN XISTENCE SINCE 1880 
sands in a typesetting device, probab the most intri 
ate bit of mechanism ever devised, because, while the Estab Persons Output Value added 
machi lid everything it was designed to do, it was ment engaged = annually by mfr 
too intricate to be understood by the ordinary mechani 
Phor aphs » OLS S$11.72S.000 SS.007 000 
Then agai tl ice ma be simple enough, its Photo Apparat T 6 496 > 561.000 15.853.000 
merit ufficier ! Is but tf may require more (‘ash Registers 4 1,491 23.708,000 0.156.000 
berpsd re un push and advertising to introduce it Typewriter So 12,101 19,719,000 15,642,000 
than would be required to market at irticle of staple Autos . SO, 599 249,253,000 i! 996,000 
ind competitive haracter sometimes, no character 
it al A we wh instance of this inertia on the The figures in the last column are particularly signifi 
irt of the th ise of a certain safety razor cant as they show the very high percentage added to the 
which requir d ious efforts on the part of its pro cost of the raw materials by the process of manufacture, 
oters to eventu: t the public to use what ap i. e., by the knowledge, skill and labor of the producers. 
peared to be a if ing of a long-felt want More astounding are the figures relating to the elec 
No inventos can afford to create without the protection trical industries, including telephony, central station 
of peit t w becau tl ibor and expense he is lighting and power and electric reilways, the latest 


Se, a 

(ey Fa Le Ava shares pre-eminence with Europeans, and 

Te i et the three most signal advances in elec 

be Trrsstent trical application are to his ecredit—the 

: ; telegraph, telephone, and the incandescent 

/ ph hy heemng Nrvchery of Hut lamp. Since ISSO (the typewriter was in 

Cay of Philatclphes, v0 #11 — tad vented a few years previously) no revolu 

1 DO WRAED COM TITTY, Thar the foregoing Sinners Pacem, weve dairened one tionary mechanical invention comparable 

wn the pace Mb day oh sr0ey ag che a are to those which signaled American inge 

pene o> 20 ee adel sc tdai eh eontec ail : nuity previously, was devised except the 

fticen dnp fo the dase ovens wp 12 Om while = 0 ref day ot tome 9 ) typesetting machine, but in the field of 

Sr. Chute! ra electricity (incandescent lamp, trolley car. 

Sal Y (HATES electric welding), opties (kinetescope. 

transparent film) and air navigation (an 

The first patents were signed by President George Washington. absolutely new art), he did not remain 
inactive. 

frequently ell taxable property in the United States at the time Some Prolific Inventors. 
investigations and Commissioner Ellsworth made his report Between 1872 and 1900, Thomas Edison had received 


Richards, 619; Elihu Thomson, 444; 
374; L. C. Edward 
Hunter, 276; Charles J. Van De- 
Westinghouse, 239. Up to 1910 


Edison secured 905 patents, of which 713 were electrical. 


742 patents; F. H 
Scribner, 
R. M. 


and George 


Charles EF Crowell, 293; 
Weston, 280; 
poele, 245; 
Considering all the patents that are probably pending 
that the 
inventions is greater than 2,000. It is 


wv in course of preparation, it is estimated 


number of his 
sufe to assert that he is the most prolific inventor of 
ill time 

Although Great 


involving 


Britain has more pioneer inventions 
that 
other country, the only 


to her credit fundamental operations 


underlie all industry, than any 
nnovations of pioneer character she has contributed in 
the last one half century are the basic process for mak 
ng steel, the steam turbine, and the cyanide process 
But the steam engine, the greatest invention of all ages, 
is hers, and so is the Bessemer process, which inaugur 
ated our present intensive industrial era. 


Germany before 1871 was an almost negligible factor 
in the field of applied science, although she had pre 
viously to that date given,ample evidence of her vigor 
in pure science. The adoption of a patent system based 
upon that of the United States, was an extreme stimulus 
to invention, and the impetus given to inventiveness is 


(Concluded on page 
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Converting Night Into Day 


Artificial Lighting Problems and How They Have 


Been Solved 


What the Inventor Has Done for Oil, Gas, and 





























" er ‘ : ‘ 

Charles F. Brush, inventor Electricity In Itlumination Carl Auer von Welsbach, in- 

of the modern electric are ventor of the Welsbach sys- 

lamp. tem of gas lighting. 

THEN Col. E. L. Drake “struck oil” in Pennsy!- burning it. The London Argand burner of 1875 was in London and Paris. He even used something like the 
\W vania in 1859 he also established the lamp oil considered the last word in illumination in its day modern mantle or stocking, although he called it a 
industry As soon as it was found that Pennsylvania something that could not be surpassed. But when the basket. What is more, he devised a creditable system 
had abundant supplies of oil the inventors began to file incandescent mantle came, six times as much light was of inverted incandescent lighting. 

They began in obtained from the same amount of gas. By 1845 most But it was not until Auer von Welsbach, a brilliant 


their applications for oil lamp patents. 
1859 itself and kept on for many years. Literally hun- 
It was no mean problem 
Circular 


dreds of lamps were invented. 
to burn oil safely and efficiently 
wicks and flat wicks, single burners and double burners, 
wicks of peculiar plaiting, were patented to feed the oil 
in just the right quantity to the burner head by capil- 
lary attraction. It is hardly worth while here to trace 
the course of development of the kerosene lamp. The 
simplest lamp soon proved the safest, all the more so 


in a lamp. 


since laws were passed in almost every country to pro- 
hibit the sale of oils with too high a flash point. 

a system of feeding 
where it was 


Arthur Kitson in 1885 patented 
the oil under chamber 
heated by the flame of the lamp itself and volatilized. 
The vapor thus produced was then fed to a kind of at- 


pressure to a 


mospheric burner, being automatically supplied by its 
with oxygen from the air to produce 
a very hot flame. Kitson platinum 
gauze which was heated by this flame to incandescence, 
the Welsbach mantle had not 
The gauze answered 


suction sufficient 


blue employed a 


that being a time when 
yet been commercially introduced. 
well enough for a time; but it became useless when soot 
was deposited upon its meshes 

But even if Kitson had been able to utilize the Wels 
bach mantle, his lamp might not have been successful 
difficult to mix air with the 
high-pressure that carbonization 


will not result, and a carbonized mantle is robbed of its 


in its early form It is 


vapor so intimately 


luminosity Even when the desired intimacy of mix- 
ture is obtained there is difficulty in maintaining it 


automatically. The difficulty was ingeniously overcome 


by F. 
ment in which water and oil were vaporized by a burner 


Altmann, among others, who devised an arrange 
in a small separate chamber, whereupon the mixture of 
vapor and steam was fed to a special burner head, sup- 
plied with air, and used to heat a Welsbach mantle to 
incandescence. Such lamps are remarkably economical. 
They yield three times the amount of light which can 


familiar had been 
William Mur- 


of the burners with which we are 
invented and fairly well standardized. 
doch himself, the first man to use coal gas in his house 
(1779), devised the “cockspur” burner. J. B. Neilson 
devised the “fishtail” burner. Sir Edward Frankland 
iu 1853 brought out his burner for utilizing the heat of 
the flame to raise the temperature of the air supply for 
the combustion of the gas. A similar regenerative sys- 
tem was that of the Rev. W. R. Bowditch (1854). By 
far the best of these regenerative burners was that of 
Friedrich Siemens, who came out with his invention in 


1879. These ingenious burners, efficient as they were, 
never succeeded in supplanting the ordinary fishtail and 
batwing burner, simply because of their initial cost. 


The Argand burner, too, more than held its own. 

It is obvious that these 
their efficiency on different principles. 
fishtail or flat flame burner must be fed with a gas very 
rich in carbon particles. In the regenerative burners 
the temperature to which the particles are 
heated is raised as high as the material of the burner 
will permit. It the effort to this tem- 
perature and with it the efficiency of the gas flame that 
led to the of the modern inean- 
descent gas lighting. 

While the principle underlying incandescent lighting 
—that of raising the temperature of refractory sub- 
stances to a point where they emit light—is old 
may be traced back fully a hundred years, it was not 
until our own time that it was successfully applied. To 
be sure, Gillard had tried to use platinum gauze so that 
he might increase the utility of his water gas, intro- 
duced in 1848, but his scheme failed because the plat- 
inum was coated with a deposit of carbon in a short 
time. Bunsen’s invention of the burner that bears his 
name—a burner which produces a very hot, blue, almost 
result of the mixture of air 
made incandescent gas lighting 
After that it was easy for Clammond, a French- 


various burners depend for 
The ordinary 


carbon 


was increase 


evolution system of 


and 


non-luminous flame as a 


with gas—really pos- 
sible. 
man, to suggest the use of calcined magnesia as a re- 
heated by a Bunsen burner. 


in the early 


fractory material to be 


Clammond created a sensation eighties 


when he exhibited his system of incandescent lighting 


Austrian chemist, conducted his study of the rare earths 
that modern lighting 
though his discovery was to a certain extent accidental, 


incandescent was created. 4} 


still only a clear-seeing investigator could have seized 
upon that accident and turned it to practical account 
During his spectroscopic study of the rare earths he 
used the platinum wire in the time-honored way. tt 
occurred to him that he might obtain a more brilliant 
effect for his momentary purpose if he immersed a piece 
of cotton in the solution which he was investigating. To 
his astonishment, he found that while the thread was 
burned completely away, the salt of the solution into 
which it had been dipped still remained in the form of the 
original thread. What is more, that salt continued to glow 
with a wonderful brilliancy. Anether experimenter might 
have passed the discovery by and continued with the main 
investigation. Welsbach realized the meaning of that 
brightly glowing thread, which was no longer 
but a metallic oxide. He set about the task of devising 
a fabric of cotton which could be 
solution of rare earth (zirconium, lanthanium, yttrium), 
and after much experimenting arrived at a 
pregnated with thorium oxide mixed with other 


cotton 


used to soak up a 
mantie im 
oxides 
The really serviceable mantle came when he found that 
a little ceria must be added to the thoria in order to ob 
tain a mantle capable of shedding the most light. Ail this 
investigation was conducted in the middle of the eighties, 
The Evolution of the Welsbach Mantle. 

When it was placed upon the market over twenty-five 
years ago the Welsbach mantle consisted of a knitted 
hose-like fabric of cotton, which was soaked in a liquid 
ealled lighting fluid—a solution of thorium and cerium 
nitrates The cotton was burned out, leaving 
the thorium and cerium in the form of an 
was then hardened and shaped. 
the mantle was dipped in a 


in water. 
ash, which 
To form a protective 
coating during shipment 
collodion solution. 

The ash of the finished mantle has the same physica) 
structure as the original fabric from which it was made, 
whether it be cotton or any other fiber. 
then, that the strength and other physica! properties of 
largely on the nature of. the 
the 


It is obvious, 


the mantle depend very 


original thread. For perhaps a dozen years after 





be obtained from oil when consumed under ordinary 
conditions. 

The invention of the Welsbach mantle served not 
only to improve the oil lamp, but also to revive “air 
gas”—air mixed with volatile hydrecarbons and burned 
in an Argand burner like 
ordinary illuminating gas 


of the present day. When 
the general extension of 
coal gas and electricity 
had 
air gas to the place of an 
the 


practically relegated 


abandoned illuminant 


Welsbach mantle gave it a 


new lease of life. <A. I. van 
Vriesland, Hooker, and De 
Laitte are among the in 
ventors who improved air 
“as generating apparatus 
so that the Welsbach man 
tle could be effectiveiy em 


ployed 

The Development of 

Gas Lighting in Our 
Time. 

Although 

lighted 


towns were 


early in the nine 








discovery of the incandes- 


cent mantle all manties 


were made from cotton. In 
those days it was a miracle 
make kind 


enough to any 


of a mantle. The industry 
was absolutely new and 
was beset with numerous 
difficulties, both chemical 
and physical, and one of 
the earliest difficulties was 
the finding of a suitable 
fabric. Ramie was first in 


inantle-making 
TSU it 


troduced in 
by Buhlmann in 


has certain marked advan 


tages over cotton, particu 
larly in maintainine its 
candle-power, and to this 


day many mantles are still 
made from ramic it wus 
found by Knéfler in the 








teenth century by gas, it early nineties that rii 
Was not until the last four ficial silk (nitro-celiuiose) 
decades that rapid prog was better than cotton for 
egress was made in gas the manufacture f man 
lighting; for in that brief tles, because the life of the 
period there were great im rhe Jablochkof® “candle.” Madison's first lamp rush’s first are lamp mantle was more than dou 
provements both in the con ge ae ma hn stated wa sidieee'e Sixt lap bony 5 ee ot ts nee Faces well Ba bled It would be out of 
the history of modern invention Brush exhibited his first arc lamp of the wonderfuily simple and successful ring- the question to use a ma 


manufacture of gas as well 
the 


clutch type in 1877 


as in methods of 


Three interesting steps in the development of electric lighting. 


teria) as inflammable ag 


{ 
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nitro-celluiose for the manufacture of fabrics, without 
cendering it safe. Hence, the thread is denitrated In 
other words, we start with cotton, change it to nitro 
cotton, which we dissolve and form into threads, and 
ther take out the “nitro” part, kaving the original 
cotton, but with an entirely different physical structure 


of the 


cotton, w 


Instead hollow, opaque fibers of the orig 


short, 


ina! e now have solid lustrous filaments of 


unlimited lengths Changing the cotton to nitro-cotton 


ix simply a trick to get it in solution. The remarkable 
nature of this material is realized when we consider 
that a thread weighing one pound will reach twenty 
miles. This thread in turn is composed of twenty 


strands, and if these could be separated and placed end 


to end, their total length would be 400 miles. Ten 
pounds would reach from Maine to California 
Simultaneously with Knidfler, de Lery ( 1897) and 
Piaissetty (1900) patented processes for mixing the 
thorium and cerium nitrates with a solution of nitro 


cotton in ether and alcohol and squirting this solution 
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the burner throws its 


it 


that vertical 


horizontal, 


fact 
the 
that 


recognized a 


ight above whereas is needed 


shadows ast the 


It 


below, and objectionable are ¢ by 
mantle supports and lamp parts was easier with his 
of to it than the Welsbach. 
Clammond used an inverted blowpipe above his mantle 


the ordi- 


type mantle invert with 


and forced the air and gas down. To convert 


nary Bunsen burner into a blowpipe simply blackens 
the mantle and is otherwise objectionabl What was 
needed was evidently some form of Bunsen burner 


which could be placed over a mantle and still operate 


under the usual pressure. H. A. Kent dodged the prob- 
lem by inventing in 1897 a siphon-like Bunsen burner 
with the inlets for gas and air below the burner head 


so that there was no tendency for carbon deposition. 


Otto Mannesmann, Bernt, and Cervenka discovered 
independently in 1908 that in the inverted incandescent 
gas lamp it was necessary to feed the mantle with a 


than that of 
the importance of conducting the 


stream of mixture of smaller cross-section 
the itself 


ondary air (air of 


mantle and 


combustion) toward the descend- 
Not 


inverted incandescent gas lamp be considered 


se 


ng gas-air mixture until this discovery was made 


the 


prac 


could 


really tical 
The Evolution of Arc and Incandescent Lighting. 
rhe the 


more points in common in the early days of electric light- 


are lamp and incandescent lamp bere many 
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over their history we need not draw too sharp a line of 
demarkation between them. 

In our historical review it is not necessary to follow 
the precedent of Irving, who starts his Knickerbocker 
History of New York with the creation of the world, 
for a passing reference to Benjamin Franklin’s 
kite-flying experiment (1752), which nay be regarded 
as the connecting link between electric light in nature 


Save 


and electric light as produced by man, we may start 
Sir Humphry Davy, who in 1801 first observed 
and studied the phenomenon of the electric are. At this 
time there was not a single central lighting station— 
either gas or electric—in the world; even matches were 
For his Davy used rods of 
heated and plunged into mercury to 
better conductors. The are light not 
publicly exhibited until 1809, when, the dynamo being 
mammoth battery of 2,000 primary 
cells at the Royal Institution, London, served as a cum- 


with 


undiscovered. electrodes, 


wood charcoal, 


make them was 


unknown, Davy's 
bersome source of current. 

We pass to the fourth decade of the nineteenth 
century—a the discoveries inventions of 


now 


decade and 


which were destined to advance electric lighting tre 
mendously The most important of these discoveries, 
without doubt, was the principle of electromagnetic 
induction, announced by Michael Faraday in 1831, 


while Director of the Royal Institution. Details of the 


experiments that Faraday made in 





through fine orifices None of these schemes, however, 
turned out to be a commercial success. Plaissetty seems 
to have been the only one to persevers Finally, he hit 
upon what seems the very obvious idea of making a 
knitted fabric of artificial fiber and saturating it in the 
lighting fluid directly As nitro-cellulose is absolutely 
solid and rod-like in structure it absorbs 50 per cent 
more than the sponge-like cotton 
and ramie, because it is colloidal in 
nature. To harden the mantle thus 
made Plaissetty used ammonia. He 
took out patents in Germany in 1902 
and in this country in 1904 His 
process was a commercial success 

Since 1904 vast improvems 
have been made in the manufacture 
of mantles from artificial fiber 
Nitro-cellulose fibers are much bet 


ter than natural fibers, because they 


are absolutely uniform, because they 


are free from indissoluble impuri 
ties, because they can be made ab 
solutely continuous, and because 


An 
mantle will support a weight of one 


they are strong artificial fiber 
ounce suspended from its loop with 
out breaking. This is a remarkable 
tensile strength for a product which 
after ail. is composed of nothing but 
ash. (¢ fails off in 
the first 100 
hours, and after 100 hours sustains 


Ramie 


otton candle 


wwer during or 200 
a loss of about 25 per cent. 
depreciates less rapidly, but unlike 
cotton, the color of the light changes 
to a Artificial fiber 


mantles actually increase in candle 


whiter shade 


power daring the first 100 or 200 
hours, and there is no change of 
color ip the light even after 1,000 


of Unlike natural 


artificial fibers do not shrink, 


hours burning. 


fibers 
nor do they deteriorate in strength 
nearly so rapidly as cotton or ramie 


mantles. Hence, the artificial fiber 


mantie may be said to mark a dis 








arriving at this grand underlying 
principle on which electric genera- 
tors depend are preserved in his 
laboratory note-books, and may be 
read in the published accounts of 
his life. The principle was not to 
find its broad commercial applica- 


tion, however, until several decades 
later. The year after Faraday’s 
epochal observation was made, Hip 
polyte Pixii constructed a “dynamo,” 
one of the first on record, consisting 
of a_ stationary electromagnet in 
which currents were induced by the 


rotation of a permanent horseshoe 
magnet. 
It is undeniable that much more 


honor is generally due to the man 


who actually accomplishes a_ task 
than to him who first suggests the 
possibility of its accomplishment; 
nevertheless a great amount of 


credit rightly belongs to the theorist 
the insight 
a certain line of activity. 
carbon-filament 
may be said, without de- 
whit from the 
invented it, to have been 
born in the brain of Prof. Jobard of 
in 1838 
that a small piece of carbon, if in- 
by electricity, 
be employed as a lamp. He 
this to his pupil, 
who considerable 


who has or originality 
to suggest 
Thus, the 
cent lamp 
tracting a 
those who 


incandes- 


labors of 


Brussels, who suggested 


eandesced in vacuo 
might 
transmitted idea 
De did 


experimenting without, however, 


Changy, 


producing a commercially successful 


lamp 











tinct advance in the art of mantle 
making, perhaps the greatest since Coming to the fifth decade, we 
the introduction of the thorium find commercial are lighting dimly 
cerium mantle Itself. foreshadowed in 1844, when Fou- 
In the last twenty years high : hes cault, experi...cnting with gas paters 
pressure systems of incandescent To my friend Munn ve ai ee ae Qramge Jany 10 1go3 carbon and using this in connection 
gas lichting have been developed ¢ with a galvanie battery, produced 
after much experimenting and Emil Rathenau, founder of the great Allgemeine Elektricitdéts Gesellschaft, once “se how » went such a steady and continuous light 
to Paris in 1881 d at the electrical exhibition there saw the Edison exhibit The Edison system of na 
study, the object, of course, being to lighting was beautifully conceived down to the very details and as thoroughly worked out as if it that he was able to use it for photo 
obtain more light from a given 1 been tested for decades in various towns. Neither sockets, switches, fuses, lampholders,jnor any graphic purposes. Foucault’s are 
amount of gas. Pumps are required the other accessories necessary to complete the installation were wanting; and the generating was the forerunner of a great many 
to supply the gas under pressure, a of the current, the regulation = vere — aig ae, emee commections, meters, etc., all types of are lamps that were to 
floating bell being necessary to a eS eS ey ee ee I ae make their appearance from this 
eliminate the fluctuations caused by the strokes of the ing than they do now. “Early days” should be construed time op until about 1860, none of which, however, com- 
pump piston. One of the principal systems of this type electrically, of course—say the seventies and eighties bined the commercial requirements of simplicity and 
was invented by Sugg and is much used in Europe in For example, the first are lamp to be extensively com reliability to a sufficient degree to bring them into wide- 
ities where zas is on a competitive basis with the elec mercialized was the “candle” of Jablochkoff (1876), spread use, especially at a time when the dynamo was 
tric are. Other aystems have been devised by Lucas which gave less light than many of the modern incan idling away a protracted infancy in its cradle, the 
Selas, and Keith descents do, and embodied a “filament” at the top, the laboratory 
To avoid the use of pressure apparatus, what are fusion of which started the arc. On the other hand, Among the freak types of are lamp that passed into 
known as self-intensifying systems have also been in among the earliest incandescent lamps were the so history during this early development period may be 
vented. Io these the lamp itself contains its own appa called “incandescence-are” lamps, based on the prin- mentioned the Wright are of 1845—the first are lamp 
ratus for supplying an increased quantity of air and ciple of an are playing between two incandescent wires patented in England. This curious machine consisted of 
gos. One of the most indefatigable inventors in this in a partially evacuated bulb. five circular carbon disks in series, of which two were 
field is Lue who after much experimenting designed Then, too, the “active material to borrow a battery movable by means of hand-screws serving to draw out 
a chimney of such form that a very powerful draft is term—of both families of lamps was basically the same, the four ares. No less awesome was the American arc- 
produced which act n the gas flame and air, with the being carbon both for lamp filaments and are electrodes lamp of Wallace, in which the are flame played back 
result that a ver brilliant light is obtained Other for many years: but later invention and development and forth over a linear space of about a foot, along a 
inventors depend ittle pumps attached to the lamp have caused the two families to grow apart, introducing narrow gap between the opposed edges of two immense 
to obtain their forced feed Thus, in the Scott-Snell filaments of osmium, tantalum and tungsten, and are rectangular carbon slabs. One of these Wallace ares is 
ystem the lamp’s own he drives a plunger, which electrodes of metal or of carbon impregnated with preserved in the National Museum at Washington; they 
forces gas to the burner under pressure irious salts. Tlowever, are and incandescent lamps were used commercially, in conjunction with the Wal 
Clammond,. we have said, invented an inverted gas have for a mg time been developing contemporane- lace-Farmer dynamo, for street lamps in Baltimore 
nantie during the course f investigations. He 1s side by side as it were, so that in looking back (Concluded on page 575.) 
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Some Personal Recollections 


\M glad to be accorded this opportunity for two rea 
ned In the first place I 


iation of the ScrenTiIFK 


have long since desired to 


re appre¢ AMERI 


express INy £ ut 
CAN and to acknowledge my indebtedness for the timely 


and useful information whic h its columns are pouring out 


in a steady stream. It is a publication remarkable for 
the high quality of special articles as well as for the ac 
The knowledge it 


review of technical advances. 


always reliable and rendered still more valu 


curate 
conveys is 
through the 
quotation of the 


able scrupulous observance of literary 
sources. The services 


courtesy in the 


it has rendered in helping invention and spreading en 


lightenment are inestimable’ The ScrentiFIC AMERICAN 


is a periodical ably and cons¢ ientiously conducted, meas 
ured and dignified in tone to the point of serving as a 
model, and in these features, as much as in the wealth 
and excellence of its contributions, it reflects great 
credit, not only on its staff and publishers, but on the 
an idle compliment, but a 


which I 


whole country. This is not 


well-deserved tribute to add my 


genuine an 


best memorable 


wishes for continued success on this 


occasion 
The second reason is one that concerns me personally. 
Many erroneous statements have appeared in print rela 


tive to my discovery of the rotating magnetic field and 


invention of the induction motor which I was compelled 


to pass in silence. Great interests have waged a long 


and bitter contest for my patent rights; commercial 


aroused, 


But 


animosities and professional jealousies were 


and I was made to suffer in more than one-way. 
despite of all pressure and efforts of ingenious lawyers 
and experts, the rulings of the courts were in support 
of my claims for. priority in every instance without ex 
ception. The fought 


the thirty or patents granted to me on the alter- 


battles have been and forgotten, 


forty 


nating system have expired, I have been released of 
burdensome obligations and am free to speak. 

Every experience which I have lived through bear 
ing on that early discovery is vividly present in my 
memory I see the faces of the persons, the scenes 


and objects of my attention, with a sharpness and dis- 
tinction and in a fullness of light which is astonishing, 
and is a measure of the intensity and depth of the orig 


fortunate i 


inal impressions. I have always been i 


ideas, but no other invention, however great, could be 


as dear to me as that first one. This will be understood 
if I dwell briefly on 


and some of the phases and incidents of my young life. 


the circumstances surrounding it 


From my childhood I had been intended for the 
clergy. This prospect hung like a dark cloud on my 
mind. After passing eleven years at a public school 
and a higher institution, I obtained my certificate of 


maturity and found myself at the critical point of my 
career. Should I disobey my father, ignore the fondest 
wishes of my mother, or should I 
fate? The thought oppressed me, and I looked to the 
future with dread. 

Just at that time a terrible epidemic of cholera broke 
People knew nothing of the 
for sanitation 


resign myself to 


out in my native land 
character of the disease and the means 
They burned huge piles of 


the air, but drank freely 


were of the poorest kind. 
odorous shrubbery to purify 
of the infected and died 
Contrary to peremptory orders from my father I rushed 
Nine months in bed with 
to exhaust all my 
It was 


water in crowds like sheep: 
home and was stricken down. 
scarcely the ability to move seemed 
vitality, and I was given up by the physicians. 
an agonizing experience, not so much because of physi- 
cal suffering as on account of my intense desire to live. 
On the occasion of one of the fainting spells my father 
cheered me by a promise to let me study engineering ; 
but it would have remained unfulfilled had it not been 
for a 
There was no force of suggestion or mysterious influ- 
had no effect 


believer in natural 


marvelous cure brought about by an old lady. 


ence about it. Such means would have 


me, for I firm 
was purely medicinal, heroic if not 


whatever on was a 


laws. The remedy 
desperate ; but it worked and in one year of mountain 
life I 
father kept his word, and in 1877 
Styria, one of the 


climbing and forest was fit for the most arduous 
bodily exertion. My 
I entered the Joanneum in Gratz, 
I proposed to 
for their 


vocation. 


oldest technical institutions of Europe. 


show results which would repay my parents 


bitter disappointment due to my change of 
It was not a passing determination of a light-hearted 
youth: it 
the ScrenTirie 


resolve. As some young reader of 


might draw profit 


was iron 
AMERICAN from my 
example I will explain. 

When I was a boy of seven or eight I read a novel 
entitled “Abafi”—The /Son of Aba—a Servian transla- 
tion from the Hungarjan of Josika, a writer of renown. 


An Autobiographical Sketch 
By Nikola Tesla 


The lessons it teaches are much like those of “Ben-Hur,” 


and in this respect it might be viewed as anticipatory 
of the work of Wallace. The possibilities of will-power 
and self-control appealed tremendously to my vivid 
imagination, and I began to discipline myself. Had I 


a sweet cake or a juicy apple which I was dying to 


go through the 
Had I 


was exhausting I 


eat I would give it to another boy and 
tortures of Tantalus 
task 


pained but satisfied. some 


difficult before me which would 





Three rotors used with the early Tesla induction 
motor shown below. 





attack it again and again until it was done. So I prac- 
night. At first it 


called for a vigorous mental effort directed against dis 


tised day by day from morning till 


position and desire, but as years went by the conflict 
lessened and finally my will and wish became identical. 
They are so to-day, and in this lies the secret of what 
ever success I have achieved. These experiences are as 
linked the 


magnetic field as if they formed an essential part of it; 


intimately with my discovery of rotating 

















One of the earliest of Tesla’s induction motors. 


Although it a little over 20 pounds, it de 
veloped 4 1,800 revolutions, 
a performance considered remarkable at the time. 


weighed only 


horse-power at a speed of 


but for them I would never have invented the induction 


In the first } studies at the Joanneum I 


rose regularly at three o'clock in the morning and worked 


motor. 

year of my 
till eleven at night; no Sundays or holidays excepted. 
My success was unusual and excited the interest of the 
professors. Among Allé, who lectured 
on differential equations and other branches of higher 


these was Dr. 

















Nikola Tesla, 


mathematics and whose addresses were unforgetable 


intellectual treats, and Prof. Poeschl, who held the 


chair of Physics, theoretical and experimental. These 


men I always remember with a sense of gratitude 


Prof. Poeschl was peculiar; it was said of him that he 
Bat 


lacked in personal magnetism he made up in the perfe« 


wore the same coat for twenty years what he 


tion of his exposition I never saw him miss a word 


or gesture, and his demonstrations and experiments 


always went off with clocklike precision. Seme time in 


the winter of 1S78 a new apparatus was installed in 


It was a dynamo with a laminated 
Prof 


Poeschel had wound some wire around the field to show 


the lecture room 


permanent magnet and a Gramme armature 


the principle of self-excitation, and provided a battery 
for running the machine as a motor. As he was i!us 
trating this latter feature there was lively sparking at 
and I 
eliminated 


the commutator and brushes, ventured to re 
mark that 
that it was quite impossible and likened my proposal to 


which fellow 


these devices might be He said 


a perpetual motion scheme, amused my 


students and embarrassed me greatly For a time I 


his authority, but my convik 


hesitated, impressed by 
tion grew stronger and I decided to work out the solu 
tion. At that time my resolve meant more to me than 
the most solemn vow 

I undertook the task with all the fire and boundless 
confidence of youth. test 


I knew nothing of the technical difficul 


To my mind it was simply a 
of will-power 
ties. All my 
intense but fruitless effort, and I almost convinced my 
Indeed, I thought 
was it possible to transform the steady pull of gravita 


remaining term in Gratz was passed in 


self that the problem was unsolvable. 


whirling force? The answer 


And was this not also true of magnetic at 


tion into a was an em 


phatic no. 
traction? The two propositions appeared very much 
the same 

In 1880 I went to Prague, Bohemia, carrying out my 
father’s wish to complete my school education at a 
The atmosphere of that old and interesting 


Hungry artists were 


university. 
city was favorable to invention. 
plentiful and intelligent company could be found every 
‘vyhere. Here I made the first distinct step in advance 
by detaching the commutators from the machines and 
placing them on distant arbors. Every day I imagined 
arrangements on this plan without 
that I was nearing the solution. In the following year 
there was a sudden change in my views of life. 1! 
ized that my parents were making too great sacrifices 
for me and resolved to relieve them of the burden. The 
American had the 
continent, and the system was to be instaied in Buds 


result, but feeling 


telephone wave reached European 
It appeared an ideal opportunity; and I took the 
By an irony of fate my 


I hated drawing; it 


pest. 
train for that city. 
ployment was as a draughtsman. 
was for me the very worst of annoyances. 


first em 


Fortunately 
it was not long before I secured the position I sought 
that of chief electrician to the telephone company. My 
duties brought me in contact with a number of young 
men in One of these 
Mr. Szigety, who was a remarkable specimen of human 
ity. 
a sallow complexion made him distinctly ugly, but from 


whom I hecame interested. was 


A big head with an awful lump on one side and 


the neck down his body might have served for a statue 
of Apollo. His strength that 
time I had exhausted myself throvgh hard work and 
thinking. 
sity of systematic physical development, and I accepted 


was phenomenal At 


incessant He impressed me with the neces 


his offer to train me in athletics. We exercised ever) 


day and I gained rapidly in strength. My mind also 


seemed te grow more vigorous and as my thoughts 


turned to the subject which absorbed me I was sur 


prised at my confidence of success. On one occasion 
ever present in my recollection, we were enjoying our 
selves in the Varos-liget or City Park. I reciting 
that 


I knew entire books by heart and could read them from 


Was 


age 


poetry, of which I was passionately fond. At 


memory word by word. One of these was Faust It 
was late in the afternoon, the sun was setting, and I 
was reminded of the passage 

“Sie riickt und weicht, der Tag ist tiberlebt, 

Dort eilt sie hin und firdert neues Leben, 

Oh, dass kein Fitigel mich vom Boden hebi 

Jhr nach und immer nach zu streben! 

7 * oJ > > . 

Ach, zu des Geistes Fliigeln wird so jeicht 

Kein kérperlicher Fliigel sich gesellen! 

As I spoke the last words, plunged in thought ana 

marveling at the power of the poet, the idea came lik 


(Concluded on page 576.) 








SCIENTIFIC AMERICAN 


June 5, 1915 


Machines With Which Machines Are Made 


A Brief History of the Development of Metal-Working Power-Driven Tools 


| ae nearly the Screntiric AMERICAN dates back t 
the ver beginning of the machine too 


y industry 
in this country will be realized when it is known that 
the first planing machine was introduced into the cour 
try in 1830 Eight years later there were only four 
such machine in the United States, and when in 1845 
the Scuntivic AMERICAN began its weekly record of 
progress in the mechanical art there was no hint of 


development of the American machine 


the tremendous 
tool industry that was soon to follow. 


In the very earliest days it was the textile machin 


ery that provided the most work for machine tools 


Then the Mexican war produced great activity in the 
arms and ammunition factories, which resulted in the 
building of many machine tools and the development of 
t number improvements. The civil war 


of important 
und the sewing machine industry furnished other chap 
ters in the progress of machine tools, and by 1876 they 
had developed to such an extent as to form the most 
remarkabie feature of the Exposition in 
Philadelphia A glowing tribute to the ingenuity and 


American 


Centennial 


resourcefuiness of the mechanical engineer 
was paid by Dr. John Anderson, who made a report to 
the British Parliament on machines and tools for work 
He said 


‘The dispiay of machine tools made by the United States 


ing metal, wood and stone at the Exposition 


was so vast that only the more salient points can be not 


ed ina brief report. Americans as a rule are not copiers 


the inventing of clever devices and tools for 


saving 
iabor seems to be their natural forte, and, worthy of 


the old stock, they are probably quickened by the pecu 


liarly favorable circumstances under which they live 
It was the dispiay made in this section which most con 
spicuousiy brought out the enormous strength of Amer 
ica as a producing power.” 

The textile industries continued to furnish the chief 
stimulus for the development of machine tools until 
the close of the century, when suddenly the automobile 
industry sprang into existence At the same time the 
introduced At the 


new high-speed tool steels were 


Paris Exposition in 1900 the public was astonished to 


<e@ a machine taking such heavy cufs and at such a 
high speed that the shavings were at a blue heat, while 
the tool itself showed red hot even in daylight. Messrs. 


Taylor and White, two Americans experimenting with 
manganese and tungsten steel, had found a method of 
at high temperatures, which in 


treating the alloys 


their efficiency steels in 


creased greatly The new 
creased the cutting speed of 

tools about 300 per cent 
immediately this had a 
wonderful influence upon 
industry. Machines 


redesigned to 


the 
had to be 
stand the enormous strains 
of taking such great cuts 
At the same time the rapid 
ly growing automobile in 
dustry furnished no end of 
capital for the development 
kinds of 
machinery 


of all 


powerful 
and automatic 
The electric motor was in 
troduced in the shop about 
this time, providing for in 
dividual drive, and hence a 
higher efficiency of opera 
tion. 

Such in 
more important 


brief are the 
epochs in 
tlie development of ma 
whine tools 

back 
years, we find 


seventy 
that the 
lathe, the planer, the shap 


Going 


er, the slotting machine, the 
boring mill, and the drill 
had already been originat 
ed in 
duced 


England and intro 


into this country 


4{merica’s most valuable 


contributions to the ma 
were 


chine tool industry 


the turret lathe, which de 
veloped into the screw ma 


chine and the almost hu 


man automatic, and th« 
milling machine from 
which have grown certain 


types of gear cutting ma 
chines 
time between 1845 


Stephen Fit 


Some 


of 1853. 


md 1853 


Flat turret lathe with cross-sliding 


Howe’s milling machine 


pondering upon a method of producing screws more 
cheap hit upon the idea of furnishing his lathe with 
i number of tools set in a holder which could be re 
volved to bring them successively to the working posi 
tion This was the first revolving turret lathe, but the 
turret had to be turned by hand In 1855 a machine 


| Jones & Machine Com 


which had mechanism for turning the turret auto 


was produced by the Lamson 


matically, so that after a cut was finished with one tool 


the turret revolved a step and without any attention 


next tool 


on the part of the operator would present the 


to the work, without destroying the adjustment of the 


first, which would remain ready for the next piece when 
its turn came 

The next important advance in the turret lathe was 
made in 1889 by James Hartness, and patents on it 
were granted in 1891, and again in 1904. 


which carries the 


This was the 
introduction of a flat style of turret, 
tool holders upon the top instead of about its peri 
phery. 

These tool holders are designed to take simple turning 
and boring tools somewhat after the manner of the tool 
post of an engine lathe, and thus reduce the amount of 
tool-making adapt the 
production of parts in small lots. In addition to this, 


required and machine to the 


long pieces may be used in the machine, since, there 
being nothing in the way to prevent, the turret may 
pass under the piece without interfering. Another feat 
ure of this lathe is the mounting of the headstock upon 
which performs the function of the cross 


necking, 


a cross-slide 
slide of an engine lathe and permits facing, 
and internal undercuttings to be done. The accompany- 
ing photograph shows the flat turret with cross 
headstock 


The machine is driven by a constant 


sliding 
speed pulley, 
while in the headstock is a system of gearing which may 
be changed by means of the hand levers shown in the 
foreground of the photograph to provide nine different 
speeds 

In 1894 Conrad M. Conradson invented a lathe hay- 
ing a hole lengthwise through its spindle to adapt it 
for work “from the bar.” The bar is of rough stock 
passed through the spindle and pushed forward and 
then gripped in the chuck after each piece has been fin- 
ished and cut off 
ment only, though adjustable lengthwise of the lathe, 


This slide has two tool posts, of which 


A tool slide having a crosswise move- 


s provided. 
the one in the rear, fitted with an inverted tool, may 


head. 


Pratt’s milling machine, built 
in 1854. 





Typical milling machine of 


be used for 


as the case may be. 


cutting a recess, rounding a corner, ete 
lathe appeared in 1901, 
Bullard. 


tary cross-slide turret capable of carrying four tools is 


A vertical turret This was 


invented by E. P. In this lathe a supplemen- 


provided. Observation stops are used. Large microm- 
eter dials carrying adjustable indexes are attached to 
the feed screw shafts, the sizes of the work being deter- 
mined by the matching of these indexes against station- 
ary indexes The sizes of the work dealt with make 
impractical the use of the usual special tools set for 
outer diameters. Accordingly, the tools used are like 
those 
we as the lengths of the pieces made being determined 


used in engine lathes, the outer diameters as 
by the observation stops. 

Up to 1908S the utility of the vertical turret 
was limited in that the tool of neither crosshead nor 


lathes 


slidehead could be fed at an oblique angle to the table. 
a requirement demanded by a large class of work. The 
cutting capacity of the side tool was also limited in that 
the sidehead in its upward travel struck the cross- 
guide ways before the tool reached a height from the 
table corresponding to that of the underside of the 
guideways which determine the range of the vertical cut. 
E. P. Bullard in 1908 invented a machine eliminating 
these restrictions and limitations. In this machine the 
two heads are so designed that the cutting tool of each 
movement the full 


has a transverse and longitudinal 


axial and radial swing of the rotary table and are so 
combined that the respective tools may be brought into 
close contact with each other anywhere within their 
sphere of operation, and in that position fed conjointly 
crosswise or lengthwise of the axis of rotation of the 
The two tools, for example, may be conjointly 
This 


joint use of the tools does twice as much 


work. 
used on a crosswise or lengthwise roughing cut. 
machine by 
work as could formerly be done by either tool alone. 
The development of the turret lathe is still proceed- 
ing. Less than two years ago two important improve 
Potter in his patent grant- 
el September 9th, automatic turret 
lathe capable of operating at a higher speed than known 


ments were disclosed. J. C. 
1915, devised an 
before. In this machine the mechanism by which the 
turret slide is moved when the cam is not acting thereon 
can be made to move the turret slide at a much higher 
speed than it can be moved by the cam, and the move- 
ment of the cam drum can be timed so that the proper 
cam is in readiness to begin its work the instant that 
the other slide-moving 
mechanism finishes its por- 
tion of the 
the turret slide. 

W. L. Miller was granted 
“a patent 16th, 
1913, for an automatic tur- 
ret lathe in which are 
two intermittently moving 
drums, each of which hav- 
ing applied thereto, in vari- 
ous positions thereon, cam 
blocks which in turn, as the 


movement of 


December 


drums are rotated, engage 
the lower ends of certain 
levers, the upper ends of 
which are connected to the 
several mechanisms 
through which changes of 
and direction of 
movement of the operating 
parts that engage the work 
The shaft on 
drums are 


speed 


1845. are effected. 


which these 
mounted is connected with 
the pulley or main driving 
shaft of the 


through driving connec- 


machine 


tions which are normally 
idle, but are adapted to be 
rendered active by certain 
trip devices automatically 


thrown into operation to 


move or index the drum 
around one or more steps 
by trips or projections car 
ried by the several moving 
parts that are controlled 
as to their speed and direc- 
tion of movement by the in 
termittently moving cam 
drums 


By this mechanism, the 


Brown's universal milling operator, knowing in ad 
machine (1861). vance the various opera- 
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tions to be performed upon a given piece of work, 


the tools to be used, the proper feeds to be giv 
en each tool, and the proper spindle speeds, sets 
the cams on the drums accordingly to produce auto 


matically the predetermined movements and speeds; 
places the work in the chuck, and applies the power to 
the main shaft pulley. The machine then automatically 
performs these several operations in proper order or 
succession, and automatically stops when they are com- 
pleted, leaving it to the operator only to remove the 
finished work and insert in the chuck a new piece of 
work. The utility of this improvement is obvious. 

It was Eli Whitney, of the cotton gin fame, who in 
1815 invented the first milling machine, and built a 
machine of this type at about that time in New Haven, 
Conn. When the Screntiric AMERICAN first came into 
being the milling machine had been improved to the 
extent of having vertical adjustment for the cutter 
spindle. A machine of this type is shown in one of 
the accompanying photographs. 1t was built by Gay 
Silver & Co. of North Chelmsford, Mass. In 1853 Fred- 
erick W. Howe, then in the employ of Robbins & Law- 
rence of Windsor, Vt., developed a milling machine 
which is the prototype of what has since been known 
as the Lincoln miller. The Lincoln miller was designed 
by F. A. Pratt of the Pratt & Whitney Company in 
1854. 

In 1861 Joseph R. Brown of the Brown & Sharpe 
Manufacturing Company developed the universal mill- 
ing machine, which contained the vital principles of 
the universal milling machine of to-day. This machine 
was designed to cut spiral grooves in twist drills which 
had been worked out by hand prior to that date. The 
accompanying cut of the machine is reproduced from 
the ScleNTIFIC AMERICAN of December 27th, 1862. Many 
of these machines were built and sold during the Civil 


Photograph of cylindrical grinder put on the market in 1865. 


Some of the mechanism is missing. 


War, and following the Paris Exposition of 1867, where 
ohe was exhibited, a start was made in selling the 
American milling machine abroad. This was one of 
the factors leading to the establishing of an extensive 
business in American machine tools in foreign coun- 
tries. 

The most recent development in this type of machine 
is found in the semi-automatic machine of the Cincin- 
nati Milling Machine Company. Two milling heads for 
simultaneous operations on both sides of the work are 
used, although single-head machines are also made by 
this company. The feature of these machines is the 
provision of an automatic quick return to the work 
table, and also an automatic increase in the forward 
movement for the numerous cases in which the surface 
to be machined is not continuous. A double set of dogs 
for controlling the feed mechanism is attached to the 
side of the work table. The work being properly chucked 
and one of the levers tripped, the table goes quickly 
forward at a rate of 100 inches per minute until the 
first surface to be machined reaches the cutter, when 
the motion automatically slows down to whatever feed 
has been selected, and this continues until one of the 
faces is milled. As soon as the cutter has passed this 
first face, the table automatically speeds up again to 
one hundred inches per minute, until the second face of 
the work reaches the cutter. Again the work proceeds 
at the speed selected, and, passing the second face, 
speeds up again, then slows down again when the third 
s reached, feeds along the third face, and when 


face 
this is completed, the table automatically returns at 
100 inches per minute to the starting point. 

Because of these movements the machine is semi- 
automatic, that is, the movements of the table are en- 
tirely automatic; but the chucking of the work and 
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the starting and stopping of the machine are normally 
controlled by the operator. 

The development of cylindrical grinding began about 
fifty vears ago. Such grinding was done in a crude 
way as early as 1860. Owing to the necessity of finish- 
ing needle and foot bars for sewing machines, the 
Brown & Sharpe Company built a grinding machine 
which was put on the market in 1864 and 1865. This 
consisted of a 14-inch lathe with a wheel stand mounted 
upon the carriage. It was provided with a reversing 
speed mechanism. Ten years later came the universal 
grinder invented by Joseph R. Brown, which was ex- 
hibited at the Centennial Exposition. 

During the early fifties hand-operated gear-cutting 
machines were in use, and in 1855 Mr. Joseph R. Brown 
designed and built a precision gear-cutting machine 
adapted not only for cutting gears, but for index drill- 
ing and circular graduating. 

As is well known, there are three basic systems of 
gear cutting: the formed tool system; the generating 
system, of which the hobbing system is a development, 
and the templet system. 

William Sellers & Co. in 1866 were the first to per- 
form the functions of the tool system automatically, 
some of the machines then made being still in use in 
the Sellers shops. The first commercial automatic ma- 
chine, however, was produced by Brown & Sharpe in 
1877. In the latter machine the action is entirely auto- 
matic, the feed and return of cutter and the indexing of 
the blank from tooth to tooth requiring no attention on 
the part of the operator, who has but to remove the 
completed gears and supply their place with blanks. 

The generating system of gear cutting was invented 
by Hugo Bilgram in 1884. The purpose of this machine 
was to produce bevel gears, for which at that time no 
satisfactory method of production was available. 





In the first Bilgram machine the action was not fully 
automatic, but the later ones were. In these machines 
the straight-sided tool which represents one side of a 
rack tooth is mounted upon a ram driven precisely like 
a shaping machine ram. The gear blank is mounted 
below the tool upon a suitable arbor supported at its 
rear end by a conical segment which rolls upon a plane 
surface below it. The conical segment is a portion of 
the pitch surface of the gear to be cut, extended to the 
opposite nappe of the cone, while the plane surface is 
a portion of the pitch surface of the imaginary crown 
gear of which the cutting tool represents one side of a 
tooth. 

The patents of J. E. Gleason in 1898, 1907, and 1910 
disclosed many improvements on the Bilgram machine. 
In the Gleason machines the imaginary rack represent- 
ed by two tools travels endwise with the feed, the gear 
blank turning upon its center, which does not change 
its position. The tools are mounted and reciprocate in 
guides on an arm which oscillates about the cone center 
of the gear blank cut, this oscillation being obtained by 
a horizontal yoke and vertical connecting rod. . This 
yoke is secured to the main spindle and carries a seg- 
ment gear, the pitch cone of this segment being iden- 
tical with that of the gear blank being cut. 

Mounted on the tool carrying arm is a second seg- 
ment gear in mesh with the first. The second segment 
is a segment of a crown gear, its pitch plane being iden 
tical with that of the ideal crown gear tooth represented 
by the cutting tools. As the yoke oscillates it turns 
the gear blank with it, while the meshing of the seg- 
ments compels the tool arm to oscillate and to carry 
the cutting tools past the blank in the same relation as 
a crown gear tooth in mesh with a tooth on the blank. 
The action of these machines is fully automatic 


Joseph R. Brown’s machine for gear cutting, 
index drilling and circular graduating (1855). 


E. av. Fellows is the leading representative of the 
generating system in his patents of 1901, 1807, 1908 
1911, and 1912. In the Fellows machines the cutter 
and blank revolve slowly as the cutter reciprocates 
vertically. It also is generated from an ideal or imag- 
inary rack tooth represented by the side of an abrasive 
grinding wheel, the final generation being done after 
the cutter is hardened. These machines are of the 
highest degree of precision. 

The hobbing process of gear cutting is a modification 
of the generating system and was originally done in 
Germany. The hob is represented by a worm, which 
cuts the gear. In action the hob is adjusted at an angle 
such that the tangent to the helix is parallel with the 
teeth to be cut. The feed is double, that is, the gear 
blank revolves, and as it dees so the hob is fed slowly 
across it. The cut is continuous, the gear being com 
pleted as the hob leaves its farther edge. By suitable 
adjustments helical gears may be cut with the same 
ease as spur gears. 

The templet system of gear cutting is most common!) 
ured for large cut mill gears. Obviously, for such gears 
the cost of special cutters is prohibitive while a templet 
costs but little. 

By a suitable feeding mechanism the tool is guided 
by rollers which ride on the templets. But one of 
the templets is in position at a time in actual use, thus 
avoiding interference with each other 

The application of the templet system to cutting bevel 
gears is done in the Gleason shops. The arm which 
carries the planing tool moves about the cone center of 
the gear to be cut, and its movement is guided 
templet on which a roller attached to the arm rides. The 
templet has the outline of the desired tooth profile suit- 
ably enlarged to provide for its increased distance from 


by the 


the cone center. 


Universal grinding machine of 1876, exhibited 
at the Centennial Exposition. 


Such in brief is the story of machine tools down to 
the present day, but their history is not yet finished. 
American mechanical engineers are renowned the world 
over, and they are as active as ever in producing im- 
provements and in making machines that will work 
steadily without the slightest attention, bringing one 
tool after another into action and turning out most 
intricate pieces of work, as long as they are supplied 
with the stock to work upon. 


Some Early American Patents 

T is reported that the first American patent for a 

piano was issued to James 8S. McLean of New Jersey, 
May 27th, 1796; the first United States patent for wash 
ing machine was to Nathaniel Briggs of New Hamp 
shire, March 28th, 1797; first United States patent for 
steam engine was to James Rumsey, August 26th, 1791 
first United States patent for gas engine was to Samuel 
Brown of England, March 2nd, 1824; and that the first 
United States patent for air engines was to HB. and J. 
Prentiss of Baltimore, June 22nd, 1824. 

Richard M. Hoe’s first United States patent for print- 
ing machine was granted May 20th, 1842, last patent 
April 27th, 1880. 

John Ericsson issued his first United States patent 
February Ist, 1838, when he lived in Sweden: his see- 
ond patent was issued November 5th, 1840, while he still 
resided in Sweden; a third patent issued in December, 
1844, when he was living in New York; the last patent 
issued to him was on December 6th, 1SS7, while a later 
patent issued to his executors July Sth, 1890 

Thomas A. Edison's first patent issued June 1st, 1869 
No. 90,646; many hundreds of patents have issued to 
him since that date, the Patent Office fees alone running 
up into thousands of dollars 
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7 picture adequately the part which the Scientiri or printing the unpardonable number of two and one 
AMERICAN has played for nearly seventy years would half columns of advertising To restrain the adver 
necessitate the writing of a complete history of modern tiser as much as possible, there appeared for some years 
science So interwoven is the career of the greatest 





popular scientific paper ever published with the great 
discoveries and inventions that each issue, beginning 
with September 7th, 1845, may be regarded as a cross 
section of the scientific knowledge of the day 

The Screntiric AMERICAN as we know it to-day is a 
monument te the untiring energy and enthusiasm of M1 
Orson D. Munn and Mr. Alfred EF. Beach, who com 
posed the original partnership of Munn & Co. 

Mr. Beach had been brought up in the offices of the 
New York Sun, of which his father, Moses Yale Beach 
was the proprietor It was but natural that the first 
office of Munn & Co. should have been located in the 
old Sun Building, on the corner of Fulton and Nassau 
streets, in New York city 

The first issue, which bears the date September 7th 


1845, was about as large as a modern daily newspaper 





There were only four pages. That first issue boldly) 
Patent Department of Munn & Co. in 1849. 


deciares that “The ScientTiric AMERICAN is the advocate 
From a contemporary print. 


of industry and the journal of mechanical and other 





improvements.” Apparently there was not much indus 
try to advocate or many mechanical improvements to 
record: for the eaitor found space enough to publish 
poetry, dissertations on temperance, and brief articles 
on such curious topics as “The Utility of Tribulations,’ 
“The Evil Influence of Fashion,” “Street Beggars,’ 
“Oriental Servility,” and “Church Benevolence.” 

When the Scirentiric AMEKICAN was first published 
the great achievemeats of the century were Davy's dis 
covery of the electric are light and of electrolysis: 
Oersted’s and Ampere’s electrodynamic discoveries: 
Deguerre’s method of photographing: Henry's and 
Faradgy's discoveries in induction: and Joule’s deter 
mination of the mechanical equivalent of heat 

Restraining the Advertiser. 

As interesting historically as the editorial pages are 
the advertising columns of the ScientTiric AMERICAN 
Among the first advertisements that appeared was one 
of Adams & Co., offering to transmit “valuable pack 














ages and parcels of every description” from Philadel 


phia to New York at the unprecedented rate of three The Scientific American offices at 37 Park Row, 
days. Che modern kodak advertisement finds its coun 1859-1882. 

terpart in advertisements of apparatus for making 

daguerreotypes By 1849 the advertisements had in it the head of the advertising section of the ScleNnTIFIc 
creased so alarmingly that the publishers considered it AMERICAN a notice (it was almost a warning) that 


their duty to apologize in the issue of May Sth, 184 read 





One square of eight lines, 50 cents for each insertion 

One square of 12 lines, 75 cents for each insertion 

One square of 16 lines, $1 for each insertion. 
Advertisements should not exceed sixteen lines, and cuts 
annot be inserted in connection with them at any price 


Time and the increasing importance of advertising 
in modern journalism changed that haughty attitude. 
‘Display copy.” as it is now called, was accepted in 
any amount in the late seventies. 

It is curious the way in which firms, then small but 
now colossal, announced their readiness to serve the 
public. The Lamb Knitting Machine Company, the 
Otis Elevator Company, Jones & Laughlin, the Ameri- 
can Bell Telephone Company, the Westinghouse Com- 
pany, corporations now of international importance, 
stated the nature of their business with the formal 
politeness and ceremonious phraseology of a wedding 
invitation. Later, when the psychological effect of 
advertising was better understood, they become more 
direct, more personal in their appeal. One of the 
pioneers in that direction was George B. Eastman, who 
selected the ScreENTIFIC AMERICAN as the first medium in 
which to advertise the kodak. 


How the Patent Department Was Created. 

Because it was the only scientific paper of its kind, 
the offices soon became a meeting place for inventors. 
Out of this intimate relation sprang the necessity of 
creating a special department for inventors, a depart- 
ment to give advice on the patenting of inventions and 
on patent law. From its very inception that depart- 

nt has proved the most successful patent agency ever 

tablished Among its clients have been such distin- 
zuished men as Samuel F. B. Morse, inventor of the 
telegraph: Elias Howe and A. B. Wilson, famous for 
their sewing machine inventions; Capt. James B. Eads. 
the distinguished builder of the great Mississippi bridge : 
Capt. John Ericsson, designer of the “Monitor”; Dr. R. 
J. Gathing, inventor of the Gatling gun; Peter Cooper 
Hewitt, inventor of the mercury are light; Cornelius 
Vanderbilt, Col. J. J. Astor, Dr. Leo Baekeland, the 
chemist: Henry Guy Carlton, the dramatist, and 
Thomas A. Edison. 

Some of the inventions patented by these men and 
others have been noteworthy. Among them may be 
mentioned the mercury are light, the centrifugal snow 
plow, the kodak, the Murray page-printing telegraph. 
the Edison telegraph improvements, the Livingston radi- 
ators, the Hartshorn shade roller, Emerson’s Bromo- 


Seltzer 
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United States Patent Office and Munn & Co.'s first office in Washington. Interior of Scientific American offices at 37 Park Row, 1859-1882. Here many 
(From an old print of 1859.) famous inventors of the day came for advice. 
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Scientific American Building, Washington. 


Is it any 
the foundations of great 
brought to the notice of the publishers of the 
SCIENTIFIC AMERICAN, long before the general 


public, or even the Patent Office, ever heard of 
them? 
A. B. Wilson and the Sewing Machine. 


Thus, one day, A. B. Wilson, a journeyman 


cabinet maker, came from Vittsfield, Mass., t« 
lay before the ScrentTiric AMERICAN the model 
of a sewing machine. He had been derided by 
his neighbors, all of whom regarded it as 
rather foolish to sew by machine. His inven 
tion proved to be a distinet improvement in 
the art, and its four-motion feed, eventuall) 
embodied in the Wheeler & Wilson sewing ma 
chine, made its inventor wealthy. The world 
first heard of it through the ScreENTIFIC AMERI 
cAN of November 24th, 1849 

Thomas A. Edison, too, was a visitor in the 
early days of his brilliant career. In 1S77, he 
came to the office and placed before the edi 
tors a small machine, about which he offered 
very few preliminary remarks He turned a 
erank and, to the astonishment of everyone 
present, the machine said “Good morning 
How do you do? How do you like the talking 
box?’ That was the first public audience to 
which the modern phonograph ever addressed 
itself. So, too, the Screntiric AMERICAN edi 
tors were among the first who ever saw the 
electric incandescent lamp, the kinetoscope, the 
Edison dynamo, and the score of famous in 
ventions with which the name Edison is now 
identified 

Alfred E. Beach’s Scientific American 

Tunnel. 

The proprietors of the Sc1ENTIFIC AMERICAN 
took more than a journalistic interest in inven 
tion. One of them, Mr. Alfred Ely Beach, was 
an inventor of note himself To him we owe 
one of the first really successful typewriters 
and the first practical attempt at tunneling by 
means of a shield. 

It was the transportation problem of New 
York, a problem which seems to have given as 
much concern in 1845 as it does now, that 
aroused the interest of the SclENTIFIC AMERI 
CAN in the possibility of constructing rapid 
transit subways. When hardly four years old, 
the Screntiric AMERICAN began the agitation 
of a rational engineering solution of New 
York's problem. In the issue of November 3rd, 
1S49, appeared an editorial entitled “An Un 
derground Railroad in Broadway,” in which 
we read: 

The plan is to tunnel Broadway through 
the whole length, with openings in stairways 
aut every corner. This subterranean passage is 
to be laid down with a double track, with a 
road for foot passengers on either side—the 
Whole to be brilliantly lighted with gas. The 
cars, Which are to be drawn by horses, will 


stop ten seconds at every corner, thus perform 


ug the trip up and down, including stoppages, 
in about an hour.” 
Year after year the Screntiric AMERICAN, in 


company with the newspapers of the day 


industries were thus 


wonder that inventions which have proved 


first 


SCIENTIFIC AMERICAN 


berated the city authorities for their negligence in pro 
Finally, Mr. A. E 
seach determined to attack the problem himself. Time 


viding adequate transportation 
and time again he had advocated the construction of a 
subway, only to be derided in the public press. His 
proposals must have been very exciting, for the New 
York Times, in its issue of March 15th, 1869, protested 

“It is said that the city is quite likely to grant a 
charter to build what is called an arcade railroad unde: 
When this 


wild scheme was dismissed a year or two ago, we hoped 


Broadway. We would scarcely believe it. 


and believed that we had heard the last of it—and so 
did everybody else.” 

Eventually Mr 
to build a pneumatic tube-from Warren to Cedar Street 


Beach secured legislative authority 


through which parceis were to be blown from one end 
tu the other. 

Obtaining a franchise meant the paying of tribute to 
the politicians of the day. Mr. Beach, therefore, deter 
mined to build his subway furtively, without the formal 
ity of asking for a franchise. In six nights, a gang 
of men had secretly dug out a tunnel extending from 
Broadway and Warren Street to Broadway and Murray 
Street. The dirt was carried to the cellar of a structure 
that occupied the site on which the Rogers-Peet Build 
ing now stands, and dumped there. A T'ribune reporter, 
disguised as a workman, gained access to the subway. 
On the following day his paper published a complete 
exposure of the scheme. New York shared Horace 
Greeley’s astonishment and indignation. To counteract 
the Tribune's attacks, and to prove to the public that 
the scheme was not utterly impracticable, Mr. Beach 
decided to throw the subway open to the public and 
te permit a general inspection of the tunnel, with its 


5al 

















New York Office 1883-1915. 


car and the big machine that blew the car from one 
end of the tunnel to the other. An admission fee of 
25 cents was charged, and the preceeds were 
given to charity. 











What New Yorkers saw is thus described in 
the Screntiric AMERICAN of February 19th, 
1870 

“Let the reader imagine a cylindrical tube 
eight feet in the clear, bricked up and white 
washed, neat, clean, dry, and quiet. Along the 
bottom of this tube is laid a railroad track, 
and on this track runs a spacious car, richly 
upholstered, well lighted, and with plenty of 
space for exit. The whole arrangement is as 
comfortable and cozy as the front basement 
dining-room of a first-class city residerce. The 
tunnel has not only the positive comferts de 
scribed, but is absolutely free from the discom 
forts of surface car travel. The track is single 
It is not cold in winter. It wil! be 
The air 


and level. 
delightfully cool in summer. 
will be constantly changed in it by the action 
of the blowing machine. The filthy, heaith- 
destroying, street dust, of 
which uptown residents get not only their all, 
but more than their fill, so that it runs ever 
and collects on their hair, their beards, and 


patience-trying 








On January 31st, 1882, the Scientific American Building on Park 


Row was destroyed by fire. 


eyebrows, and floats in their dress like the 
vapor on a frosty morning, will never be 
found in the tunnel.” 

On the first day, a great stream of people 
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passed through the tunnel, 21 feet beneath 
Broadway. At the Murray Street end stood 
the car. It fitted the tunnel like the carrier 
of a pneumatic tube, which it really was. The 
tunnel itself was “brilliantly illuminated” by 
gas, as one enthusiastic contemporary account 
remarks. Eighteen persons at a time took 
their seats in the car, were blown from one 
end of the tunnel to the other by compressed 
air from a 100 horse-power plant, and were 
sucked back when the blowing apparatus wss 
reversed. 

For a year the car traveled back and forth 
beneath Broadway. It was Mr. Beach's inten 
tion to excavate the whole length and breadth 
of Broadway, to lay his tracks, and to restore 
the street by building a roof over the trench 
a complete anticipation of the “cut and fill” 
method which was actually adopted in con- 
structing the present subway, 
afterward. New York was convinced. The 
Times ended by approving the system. But 
when Mr. Beach tried to have a bill passed 
authorizing him to complete his scheme, he 
found himself face to face with Tammany 
Hall. His bill was passed, but so was a Tam 


many years 


many bill, autrborizing the construction of an 
elevated railroad at a cost of five million dol 
lars, to be paid out of the city treasury. A 
Tammany Governor vetoed the Beach measure 
znd signed the Tammany bill. The newspapers 
that had at first bitterly opposed the 
There was nothing for it but 


subway 
were in a rage. 
to close the short tunnel that had actually 
been built single-handed by the editor of the 
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The Scientific American’s new home in the Woolworth Building. 
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principa nu can te ‘ 1 ation of the 


re early years before its advent the SciENTIFIC AMERICAN was 


} of its foundation, the publishing articles on the motor car, beginning with 
broached the subject of the utili the fifth issue in 1845 Year after year, space was 


projects proposed in given to the ideas of inventors who knew that some day 


than the vere then, verified, as they the editorial column advocated a railway on which ships the motor-driven vehicle would displace the horse— 


time and experience were to be bodil) 
Advocating Better Railways. 1 permanent double-track railway 
year, the Screntipic AMERICAN urged the the ScreNTIFL November 28th, 1846, “and them; poetic visions of meshing gea's and puffing en- 


ter and speedie transportation, not only in supplied with 


the itv of New York, but throughout the country It essels may 


performed a usefal service in advocating the construc Pacific, o1 


tion of transcontinental railways As early as 1849 it Hardly a ye 
began to agitate the advisability of linking the Atlantik found in the editorial 


Pacific masts by rail, and played a conspicuous of connecting 


from 


transported across the Isthmus. “Let gropings in the blackness of futurity, most of them ; 


be constructed,” said wonderful glimpses of later developments, many of 


and ordinary merchant gines, all of them It was through the Sclentiric 


the Atlantic to the AMERICAN that the United States first heard of Cugnot, 


ten to twenty hours.” Trevithick, Guerney, Church, and Lénoir. When the 


reference was to be automobile did appear at last, it seemed to its readers 


P the vital importance not like a sudden apparition, but as a vehicle with 
acific oceans. which they had always been familiar. 


in the press campaign that molded public opinion The Scientific American and the Automobile The Scientific American and Aerial Navigation. 


eventually brought that great undertaking to a rhe automobile 


nsummation public streets 


New offices of Munn & Co., in the Woolworth Building. 


Where the draughtsmen prepare patent drawings. 


rhe Book Department. 


familiar vehicle on our Simultaneously with articles on automobiles appeared 


twelve years. Forty articles on aerial navigation. The ScrENTIFIC AMERICAN 


Library and Waiting Room, Main Office. 
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Where the correspondence, models and other records are filed. 
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was only four numbers old when its editor announced 
nis intention of constructing a dirigible airship 350 feet 
long and 35 feet in diameter, a long cigar-shaped craft 


that may well be regarded in some respects as an antici 


pation of our modern dirigibles “To drive it,” said 


the Editor we 
a steam engine and boiler, capable of 


have already constructed and put in 


operation work- 
ing two horse-powers, but weighing only 200 pounds.” 
He had the safety of his passengers in mind, too, for 
“the balloon,” he states, “will be furnished with an 
improved parachute for each passenger, of which each 
may avail himself in less than one minute in case 
of extraordinary 
on terra firma, much easier than he could paddle him 
self to shore on a cotton from the middle 
of Long Island Sound.” by the Editor's 
optimism, inventors of aeronautic machinery 


AMERICAN 


emergency, and thus descend safely 
bale even 
Encouraged 
turned 
to the ScrENTIFIC for advice and criticism. 
For over half a century it was the only periodical in 
this country that took the airship and aeroplane seri- 
and that devoted any amount of space to aerial 

Hence it 
of the day 
Among them 
balloonists He 


ously 
was that the most distinguished 
personal friends of the 
Wise, the Nestor of 
was not always 


navigation. 
aeronauts were 
Editor. 

American 
with the Editor’s strictures, and voiced his disapproval 


was John 


pleased 


in a spirited letter published in the issue of October 
13th, 1849 
Although it believed in aerial navigation, the Scien 


viFIc AMERICAN performed a useful service by merci 


lessly ridiculing the more preposterous’ flapping wing 


and screw fliers and by publishing 


benefit of the 


machines simply 


worded, accurate information for the 


inventor of airships and flying machines. 
And so the ScreNTIFIC AMERICAN contributed its share 


to the development of this newest of all methods of 


transportation, contributed it, moreover, by playing the 
part of an open-minded tutor When the dirigible was 


scoring its first successes, and the heavier-than-air ma- 
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than-air machines, the first aviation prize of its kind 
Designed as a challenge trophy, the 
difti- 


flying progressed, the prize passed 


in this country. 


winning of which was to be made increasingly 
cult as the art of 
finally into the hands of Mr. Glenn H. Curtiss in 1910. 
When Mr. Gould about for a medium 


through which he could offer a $15,000 “for 


Edwin cast 
prize of 
the most perfect and practicable heavier-than-air ma 
chine equipped with two or more power plants,” 


he selected the ScrENTIFIC AMERICAN, for reasons that 

















The Law Library of Munn & Munn. 
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must have seemed obvious to those who knew how great 
a part the paper had played in recording the develop 
ment of the flying machine 

No less interesting to those who directed the destinies 
of the ScrentTiric AMERICAN than aerial navigation was 
the development of the modern battleship. From ‘the 
year in which Ericsson's “Monitor” was launched (of 


which primitive craft the Screntirvic AMERICAN pub 


lished what was long the only authoritative picture) 
to the present day, every improvement in the ironciad 
fighting ship has been noted. 

The Scientific American and Its Subscribers. 

From the very inception of the Screnrrric AMERICAN, 
the editor and the subscribers have been more closely 
connected than is usual, even in these days of paterna! 
The periodical was always regarded 
by the publishers as something more than a mere com 
They have always felt that they owed 
a duty to the subscribers, and a duty that did not enc 


magazine editing 
mercial venture. 


in giving an amount of printed matter equivalent in 
value to the price of an annual subscription. Accord 
ingly, no letter asking the editor for information is 
allowed to go unanswered. 
an amount of r-search worth many times the amount 
of the subscripcion. As a mark of appreciation of the 
services thus rendered, Mr. T. R. Bowman of Adelaide, 
South Australia, voluntarily presented the Scientir« 
AMERICAN With a gold medal! in 1899. The letter that 
accompanied his gift, which is probably unique in the 


Often the response entails 


history of magazine publishing, reads: 

“I forward this trifle to the editor of the Scirmntirx 
AMERICAN as a souvenir of thanks for the many favors, 
information, and instruction I have derived from the 
perusal of the ScieNTiIFIC AMERICAN for the last twenty 
seven years; also for your kindness in giving me at 
different times information by letter.” 

For several decades the ScieENTIFIC 
practically alone in the particular field which it covered 


AMERICAN stood 





Launched in a new country, destitute of great libraries, 





























Subscription Department of the Scientific American publications. 


The Advertising Department of the Scientific American. 





chine figured only in 


els, the SCIENTIFIC AMERI 
CAN insisted that the 
aeroplane was the air vehi 
cle of the future. Lang 


ley’s unsuccessful attempt 
to launch his man-carrying 
machine in 1903, was made 
the subject of derisive edi 
torials in almost every 
newspaper of the country 
The 


alone 


SCIENTIFIC AMERICAN 
defended 


and pointed out 


Langley. 
that his 
aeroplane was no more de 
fective than a ship which 
had never been launched 
It is true that the Wright 
brothers were regarded 
with a skeptical eye at 
first; but that was because 
they secret and 
Later, 


ScIENTIFK 


flew in 
would tell nothing 
the 
\MERICAN made an investi 


when 


gation and questioned citi 


zens of Dayton, who had 
actually seen the machine 
flv, it became the Wright 


brothers’ staunch support 
What is more, the publish 


ers offered the ScteNnTIFic 





AMERICAN $2,500 Trophy 





great museums, or great 
universities, it served io a 
limited degree, it may te 


but with distinct success, the 


purposes of all three. Nota 
few of the men who stand 
at the head of the great 


industrial institutions of 
the United States recai} 
the hopeful days of their 
and 
manhood, when their chief 


boyhood their young 


source of instruction in the 


great happenings of that 


world in which they were 
about to make venture was 
the Screntiric AMEKICAN 
Thousands of men who are 
engineers and 


now manu 


facturers received their 


first inkling of mechanica 
electrical engineering from 
the pages of the Screntripn 
American. Thomas A 
Edison has related that as 
a boy he used to wall 


three miles every week t 








for flights by heavier- 


A corner of the Editorial Rooms. 


get his Screntiric Amr 

CAN, For nearly 

years, issue after issu: 

explained with a shmplic 

that has appealed to every 

earnest student fuamlllar 
tt he phraseology o 
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First Edison Electric Lighting Station in New York City 


Onl f r Edi rfected the first incandescent electric lamp and built the first central distributing station in New York City. 
— io accuse of the ‘slectrical industry from this humble beginning, which is depicted above, has been truly wonderful. 


P-TAHE great industrial development of electricity 
began when the General Electric Company was 


gat ed in May, 1892. This marked the birth of a 
new indu which was destined to become the marvel 
of the age in few short years. Never in the history of 
manutacturing had such progress been recorded Inven 


tion followed invention, discovery added to discovery 


until it seemed as though the public was introduced to 


new electricai achievements every day 


The consolidation of several minor and struggling eles 





tric concerns into the General Electric Company was fot 
the purpose of bringing together and harmonizing diver 
gent methods and, by uniting different patents, of secur 
ing a more perfect product Up to that hour, electric 
lighting. electric power and electric traction had remained 
in the experimenta! stage. Never before in the industrial 
world did organization effect a more magical change in 
releasing latent energy Guided by master hands, elec 
tricity leaped into industrial pre-eminence. The value of 


took on 


increased 


manufactured appliances multiplied; invention 


added impuise; public confidence in electricity 


The Company gathered together the ablest minds of the 
day and placed within their reach unlimited means and 
the resources of the world as an aid to inventive genius 


Written throughout the wonderful development of elec 
l 








trical science and arts is the history of the General Elec 
ir Company 
The Development of Electric Light 
The Arc Lamp 

Many years ago, in experimenting with = electric 
phenomena, luminous effects were noted; but the actual 
history of electric arc lighting dates back only to 1875 
Sir Humphrey Davy. with his chemical battery, in 1809 


crude arc light. But the arc lamp 
laboratory experiment until the devel 
dynamo in 1867 The modern period 


credited to Z. T. Gramme, a Belgian in 


lemonstrated the first 


remained a costly 
opment of the 


ire lighting ! 





entor residing in Paris. His first patent was issued in 
1870, | Jablochkoff, a Russian, perfected a method 
for ! the arc. and the new lamps were soon in 
use in res and streets. Charles F. Brush and Edmond 
Weston developed the series arc lighting now in use. The 
first Brush c lamp was erected in Cleveland in 
879. The first central station to operate arc lamps was 
the California FE] t Light Company, in San Francisco 
in 1870 The arc la was the foundation of the elec 
trical industry ad t experimental work to sub-divide 
the are led to th ‘ e incandescent lamp 
From this bumble beginning | been developed the 
present luminous are lam ufactured by the General 
Flectric Company. These a made in two general types, 
known as the pendant and ornamental types. The former 
is designed for general street lighting, while the latter 1s 
adapted particularly for lighting treets, or so 


Wav” lighting 


Ned “Wi 


The Incandescent Lamp 


commercial world demanded electric lamps 
similar to the gas lamp then in use, such inventors as 
Edison, Brush, Weston and Maxim di 
rected their exclusive efforts to solve the problem. As 
early as 1841 De Moleyna patented in England an electric 
rm, in which a platinum wire enclosed 
made incandescent by 

tricity \ few tarr of Cincinnati devised 
unother lamp consisting of thin strips of graphite en 
closed in a glass globe No permanent lamp resulted 
from this early work and the scheme was declared im 
practical up to the very day Thomas A. Edison produced 
the first successful electric lamp 

Thomas A. Edison, a young who had already 
shown his wonderful genius by the invention of the quad 
ruplex telegraph, the telephone and the phono 
graph, began his epoch-making work on the electric lamp 
in his little laboratory at Menlo Park, N. J., and in the 
small Edison shops in New York City, nearly forty years 
ago. In those years of 1878 and 1879 work went on day 
and night, and the entire field of science and the world at 
ransacked for a suitable filament for the new 


When the 


Swan, Saw 


lamp of crude fi 


n an exhausted was elec- 


later S 


globe 


years 


man 


receiver 


large were 
lamp 
It was the twenty-first day of October, 1870, when 
Edison announced to the world that the incandescent elec- 
tric lamp had been found 3amboo was selected for the 
tiny hair-like lamp filament and the tropical world was 
searched for the different kinds of bamboo in order that 
the best might be chosen. For the next eight vears the 
lamps were made with bamboo filaments, after which a 
squirted cellulose was used 
During the first ten years of the new lamp 
was increased to 3.1 watts per candle and a reasonable 
commercial life obtained. For nearly twenty years there 
was no improvement in the efficiency of the lamp until 
the technical staff of the Research Laboratories of the 
General Electric Company developed the metallized car 
bon filament of 2.5 watts per candle. This led to the de- 
velopment in Europe of processes for making filaments 
from several of the rare metals, such as osmium, tan 
talum and tungsten, and within a few years the Research 
ped drawn tungsten wire, 
revolutionized the lamp 
commercial life of the lamp 
its cons 1.15 watts per candle. 
investigating the causes of discoloration in lamp 
gradual disintegration of the fila- 
oratories made another important 
} gas the dts- 


tts efhciency 


Laboratories devel ductile 
which, 
industry by 
and reducing 
While 
bulbs, produced by the 
ment, the Research La 
discovers By filling 
coloration was reduced and at the same time tt permitted 
the operation of the filament at higher temperatures. 
Contemporaneously, a new method was found for mount- 
ing the filament. These improvements increased the effi- 
ciency of the lamp to 0.5 watts per candle in the larger sizes 
and to about 1.00 watts per candle in the smaller sizes. 
Che introduction and general adoption of the MAZDA 
ump has literally nothing short of a revolution in 


with other improvements, 
increasing the 


umption to 


} 


’ h él vith an mert 


l been 


the art of interior illumination, with a correspondingly 


remendous effect on exterior lighting. 
The Development of the Central Station Idea 


Che development of the central station in the past 25 
years is one of the many modern miracles that electricity 
has brought into this busy and progressive world. The 
history of this wonderful growth is best told in the dif- 
ference between the 6 kw. generators of the first central 
station and the mammoth 35,000 kw. machines of today. 

The first central station was installed at Menlo Park, 
N. J., by Thomas A. Edison in the winter of 1880-81 to 
demonstrate the practicability of his new incandescent 
electric lamp. At the same time a central station system 
was started in New York City, the generating station 
being located near the corner of Fulton and Pearl Streets. 
The equipments consisted of six direct-connected units, 
each having a capacity of about seven hundred 16-candle- 
power lamps. This plant was started on the 5th of Sep- 
tember, 1882, with 5,500 lamps connected. While this 
station was being equipped, a small water power station 
was built at Appleton, Wis., and placed in operation first. 
The development and growth of the central station, out- 
side of New York, did not begin until some years later. 

Today there are nearly 6,000 central stations in this 
country alone and the annual business totals many mil- 
lions of dollars. The engineering talent of the General 
Electric Company has been devoted to the invention and 
design of central station and also substation equipment 
from the very beginning of the central station idea. Even 
after the invention of generators, motors and lamps, the 
manner of installation of these machines, methods of 
control, records of performance and systems of distribu- 
tion of the current had to be devised and have been per- 
fected constantly by this company. Apparatus of the 
General Electric Company is now operating in central 
stations in every section of this country and in almost 
every country in the world 


Electricity Solves Transportation Problem 

Early attempts to use electricity as a motive power re- 
sulted in a few scientific toys before 1882. Thomas 
Davenport, the Vermont blacksmith who invented the 
electric motor in 1835, constructed a toy car which ran 
around a circular track. Three years later a Scotch in- 
ventor made a small electric locomotive. A number of 
such locomotives were built during succeeding years until 
the Berlin exposition in 1879 when Messrs. Siemens and 


Halske constructed an electric line of about a third of a 
mile in length. The first regular commercial line in the 
world was at Lichterfelde, near Berlin, operated in 1880, 


but was not a success. «Edison, Field, Van Depoele, 
Knight and many others experimented in electric traction 
at this time 

The first actually successful commercial electric rail- 
way, i. e., the first electric operation of the complete street 
railway lines of a city, was established in 1887 by Frank 
Sprague of the Sprague Electric Railway & Motor Com- 
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Richmond, Va. The road began operation in 
1888, was essentially the overhead trolley sys 
tem now used, comprised eleven miles of track, had thirty 
perating in July, 1888, and has been in continuous 
nd successful operation ever since 

il development and growth of 


february 





electric 


The phenomen 
street railway traction has revolutionized not only city, 
ut also suburban and interurban transportation. In 1890 
there were not more than 1,000 miles of electric railways 
United St rom this time up to the present, 
e mileage has steadily increased at the average of about 
oo miles per year in the development and improve- 
1ent of motors and other apparatus essential to electric 
iction, the General Electric Company has figured with 

irked | minene 
In 1895 electric railway equipment —— what might 
nsidered a staple basis of design. F — amental fea- 
ures, such as the enclosed motor, carbon brushes, series 
drum winding, single reduction gearing, magnetic con 
troller and the under-running trolley had then become 
stablished. There were in service at this time approxi- 
itely 25,000 motor cars equipped with about a half a 
million horsepower of motors. A great many of the 


pioneer car motors were too small for the work, because 
early designers did not appreciate the amount of power 
require d to accelerate a car. In 1895 the average rating 
of railwav car motors was 25 horsepower. Other forms 
of street railway propulsion gradually disappeared until 


about 19000 when electric operation was practically su 
yreme. There then existed some 20,000 miles of city elec 
tric railways. Principles of equipment design were on a 


far more scientific and practical basis. From 1900 to 1910 
1e electric railway extended rapidly to suburban and 
nterurban transportation. Coincident with this develop 
ment there was a tremendous increase in the size and 

eight of cars. The average horsepower of raibuay mo- 
tors increased from 35 horsepower in 1900 to 65 horse- 
interurban cars were 


power in 1910, and large equipped 
with four motors, while city cars generally were equipped 
with two 

This increase in power brought about great improve- 
ments in controlling apparatus. The General Electric 


Company developed the multiple unit control for the op- 
eration of cars in train on elevated and subway lines, 
interurban roads and later for regular city surface cars. 
With the simplification of control were also introduced 
forced motor ventilation, reduction in the weight of 
motor equipments and increase in efficie ncy, improvement 
in commutation and introduction of commutating poles, 
perfection of air brake apparatus, introduction of field 
control, etc 

The necessity for more powerful locomotives for heavy 
grades, for larger train units and for a safer kind of 
power for tunnel became apparent as early as 
1805 in the Baltimore tunnel, where steam trains were 
continually becoming stalled on the grades. Electricity 
was then making such gigantic strides that the railroad 
fficials appealed to electrical engineers for aid. The re- 
sult was that the first electric locomotive for railroad 
service was manufactured by the General Electric Com- 
pany and was installed on the Baltimore & Ohio. Thus 
this road, first in steam in 1830, became also first in elec- 
tricity 

In 1899 the New York Central took up the study of 
electric traction for its New York terminal, to eliminate 
the congestion of traffic and remove the smoke nuisance. 
Nothing was done, however, until 1903, and in three years 
electric locomotives were hauling trains on this road. 
These electric locomotives operate at 600 volts, direct cur- 
rent. The General Electric Company built thirty- five in 
1906, twelve in 1908 and sixteen in 1913 and 1914. The 
last six of these engines were at the time the most power- 
ful electric locomotives ever built, and are capable of 
hauling 1200-ton passenger trains on level tangent track 
continuously at 60 miles per hour. 

During this period electrification has been steadily pro- 
gressing, until practically all the extensive steam railroad 
systems in this country and many abroad have tunnels, or 
terminals, or grades or certain sections of their roads 
electrically operated. On some railroads electric locomo- 
tives are employed exclusively both for freight and pas- 
senger service. The use of direct current has predomi- 
nated in steam railroad electrification, and it soon be- 
came evident that the employment of high voltage would 
effect very decided economies in initial installation and 
operation 

The first rise to high voltage was from 600 volts to 
1,200 volts. Many roads were equipped at this latter 
voltage, and next 1,500 volt installations were introduced. 
Then there was a most notable jump to 2,400 volts when 
the main lines of the Butte, Anaconda & Pacific were 
electrified in 1913. The General Electric Company built 
twenty-one electric locomotives and all the substation ap- 
paratus and equipment for this road. The next, and the 
most significant, step in railroad electrification is the ex- 


service 


tensive equipment now being built for sections of the 
Chicago, Milwaukee & St. Paul transcontinental railroad 
by the General Electric Company for operation at 3,000 


volts direct current. The plans for electrification con- 
template a total main line distance of 440 miles. Twenty- 
one 260-ton electric locomotives and all substation equip- 
ment are being constructed. The locomotives have a con 
tinuous rating of 3,000 horsepower and an hourly rating 
of 3,440 horsepower each, which makes them more pow- 
erful than any steam or other electric locomotive ever 
built. The electric locomotive has clearly outdistanced its 
steam rival, and it is not too sanguine to predict that the 
day is drawing near when electricity alone will operate 
all the railroads in the world 


The Generator 
rs ago when Davy and Volta were ex- 
electricity, the current was secured 
chemical batteries. It was 


hundred yea 
perimenting with 
from costly and cumbersome 
in 1831 that Michael Faraday discovered that electrical 
current could be generated by moving conductors in a 
magnetic field so as to cut the lines of magnetic force. A 
ear later H. Pixii invented the split commutator for re- 
versing the current through the armature. Other im- 
provements were made by J. Saxton, E. M. Clark and 
others. In 1857 E. W. 





Siemens improved the field mag 


netic and invented the shuttle armature. The dynamo 
became a commercial success in 1866-7 
When the General Electric Company came into the 


field, generators were, comparatively speaking, in their 
early stages of development and were manufactured en- 
tirely in small sizes At first these machines. were all 


direct current and of bipolar design. As the demand for 
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greater power in single units arose, four, six, eight and 

i larger number of poles were employed in accordance 
with speed requirements with the increase in the size of 
the machine. Simplification of the design, improvement 
in methods and means of insulation and ventilation and 
greater efficiency through the introduction of commutat 
ing poles for direct current have been notable steps in th« 
development of generators 

Probably the greatest advancement in the generation 
and use of electric current came with the invention and 
development of the alternating current machine. With 
the perfection of transformers and transmission facili 
ties, the use of electricity for light, heat and power pur- 
poses then received an impetus that has carried it into 
almost every industry on earth. To the development of 
the alternating current generator may be ascribed in m 
small measure the marvelous industrial growth of this 
country 

The larg st direct 
5,200 kw. capacity, were 
Electric Company for the Southern 
Whitney, N. C. It is also significant that the largest 
alternating current generators ever built are the product 
of this Company, forming a part of recently built 35,000 
kw. single unit Curtis steam turbo-generators. In the larg 
est hydro-electric power house in the world at Keokuk, 
lowa, where 300,000 horsepower will be wrested ulti 
mately from the Mississippi, are at present installed fif- 
teen immense General Electric Company generators op- 
erating at the slow speed of. 57.7 revolutions per minute 
and having a normal rating of 10,000 horsepower each 
The production of waterwheel driven, alternating current 
generators has reached units of 17,500 kw., also of 
General Electric Company manufacture. 


The Electric Motor 


Thomas Davenport, a poor, self-educated blacksmith of 
Vermont, constructed the first rotary electric motor in 
1834, which embodies many of the first principles of the 
motors of today. Between the year 1835-60 a number of 
inventors perfected different types of motors. Jacobi in 
1835 placed a motor to run a boat. Henry, Formant, 
Farmer, Siemens and others built motors. In 1852 Page 
succeeded in constructing a motor large enough to run a 
circular saw and a lathe. Davidson in 1842 ran an elec- 
tric carriage about the streets of Glasgow. A motor of 
10 horsepower was built in 1849 at Liverpool. Two im 
portant developments were in the inventions of the shut- 
tle armature by Siemens in 1855 and the ring armature 
by Pacinotte in 1861. The real oo development began 
after Gramme’s dynamos in 187 

As in the case of the pe > dc the General Electric 
Company brought early prototypes of electric motors into 
their present commercially efficient state, and their devel- 
opment has been practically contemporaneous with that 
of generators. The successful development of the alter- 
nating current motor has likewise been especially advan- 
tageous to the advancement of industrial arts through 
electric drive. Special speed conditions, variable load and 
intermittent service have been peculiar problems of in- 
dustrial drive that have been effectively solved through 
improved design and ingenious automatic ry og oy de- 
vices; and today, the motors manufactured by the Gen- 
eral Electric Company range all the way from the small 
est fractional horsepower sizes for domestic purposes 
and for direct drive of fine, delicate machines to e¢ 
largest induction type motors ever built, 6,000 horse- 
power, driving immense steel rolls in the mills of the 
Indiana Steel Company at Gary, Ind. 


current generators ever built, of 
manufactured by the General 
Aluminum Company, 





The Transmission of Electrical Energy 


The development of electric transmission was the 
greatest boon to the industrial world in the history of 
manufacturing. The invention of the transformer en 
abled engineers to harness the most distant waterfalls 
and to bring this cheap energy within the industrial cen- 
ters to turn the wheels of mills and factories, light the 
streets, run the street cars and railroads, illuminate build- 
ings, etc. 

It was about twenty-two years ago when the first 10,000 
volt transmission line in this country was opened in 
Southern California, transmitting single- phase alternat- 
ing current from San Antonio Canyon to light Pomona 
and San Bernadino, 14 and 28 miles away. In all there 
were forty 6-kw. transformers, the largest of that day, 

raising the voltage from 1,000 to 10,000 volts. One of 
the very first water power stations to transmit alterna- 
ing current was the Gold King mine, at Talluride, Colo- 
rado, in 1890. 

In 1877 Dr. Wm. Siemens indicated the commercial 
possibilities of electric transmission. Marcel Duprez, a 
Frenchman, sent 3 horsepower at 2,000 volts a distance 
of 24 miles over ordinary telegraph wires. In 1890 M. 
Hillairet, of Paris, transmitted 250 horsepower ten miles 
to run a motor in a pape. mill. All these first experi- 
ments were with direct current. In 1891, 100 horsepower 
of alternating current was sent 108 miles in Germany 
with a loss of only 25 per cent. 

These few installations immediately attracted the at 
tention of such eminent engineers and inventors as 
Edison, Tesla, Thomson, Houston, Lord Kelvin, Stanley 
and others. From the work of these early investigators 
the perfection of transmission facilities has progressed 
steadily with the General Electric Company. The most 
notable transmission installation in history was recently 
effected with the Company’s apparatus. It is known as 
the “Big Creek” development of the Pacific Light & 
Power Corporation, Los Angeles, Cal. At present 70,000 
kw. are generated from four machines of 17,500 kw. each 
in two power houses from a combined drop in the stream 
of 4,000 feet. The current is generated at 6,600 volts and 
is stepped up by transformers to 150,000 volts for trans 
mission to Los Angeles, 240 miles away. Thus the de 
velopment of the transformer into the wonderful appa 
ratus of today brings the power of mountain torrents to 
the heart of the great industrial centers 


Switchboards 


Not until the early eighties was the switchboard r 
garded as a necessary portion of the electrical equipment 
of a station 

For convenience switches were first mounted on. the 
side walls of the station and as close together as their 
dimensions would permit. Following this period, switches 
and instruments were mounted on a wooden background 
removed from the wall to allow more space for wiring 
and the connections. This was the first switchboard. The 
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next step was to substitute a wooden construction in the 
form of a rack or skeleton framework, which had open 
spaces through which the wires were brought from be- 


hind the board to the connected equipment in front 
From this simple beginning, switchboard development 











by the General Electric Company has passed through 
many wonderful inventive stages The switchboard ts 
now one of the most important pieces of apparat rf 
the industry “de consists of as many panels as necessary, 
usually of slate to provide safety, and combi a multi 
tude of instruments and devices for controlling, distrib 
uting and recording automatically if wished, the flow of 
electric current to one or a hundred or more circuits a1 
machines in almost any quantity or way desired. Prob- 
ably the most notable oe vards ever built were re- 
cently constructed by the General Electric Company 
These are the highly special types of great remote con- 
trol boards that control and indicate every movement of 
all the massive lock machinery in the Gatun, Pedro 
Miguel and Miraflores locks of the Panama Canal 
The Turbo-Generator 

The turbine steam engine is fully 2,000 years old. It 
was described by Hero, of Alexandria, in his “Paeu- 
matica” about the year 120 B. Branca, of Italy, used 


a small steam turbine to run a little drug grinding mill 
in 1629 A. D.. Thus the turbine was the first steam 
engine, although the last to be developed 

The first commercial turbine was produced in England 


in 1884. In 1903 Prof. C. G. Curtis, of New York, in 
conjunction with the General Electric Company, produced 
the first vertical steam turbine engine These turbines 


are principally used to drive electric generators and have 
been developed by this Company from the small size of 

kw. to the largest engine in the world, hori- 
zontal unit of 35,000 kw. capable of some 
50,000 horsepower. 

The development of the Curtis steam turbo-generator 
in the short space of twelve years has thus been nothing 
short of marvelous. The remarkably high efficiency of 
these units and the exceptional economy of space secured 
through the principle of their design has revolutionized 
the production and distribution of energy from steam. 
At first the Curtis turbo-generator was built in the hori- 
zontal type, then the vertical type, and now the design for 
all sizes has reverted to the original horizontal construc- 
tion. During this period improvement after improvement 
has followed both in the mechanical and electrical com 
ponents of the machines. [It would be physically impos 
sble to build reciprocating steam engines in units of the 
enormous capacity of the large Curtis steam turbo-gener- 
ators. The great space such engines would occupy and 
their lower efficiency in comparison with the turbine would 
render them wholly impractical to use if they could be 
built. The Curtis turbo-generator of the General Electric 
Company may be said.to be one of the foremost factors 
in the vast concentrated production of energy from steam 
and its consequent economical distribution as heat, light 
and power in the many thousands of cities, towns and 
rural communities in this country 


single 
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Electricity as a Source of Heat 


Notwithstanding the ease with which electrical energy 
can be changed into head and this knowledge was patent 
to the earliest experimenters, it was only a few years ago 
that electric heating and cooking devices were intro- 
duced to the public. Sir Humphrey Davy, a hundred 
years ago, with his first carbon arc, melted and fused all 
known substances. Diamonds, quartz, rare metals were 
easily melted down; carbon boiled quickly away; even 
the fire bricks of his crude oven were consumed 

The secret of nearly every electric heating or cooking 
device is a carefully proportioned bit of resistance wire 
or stamped resistance metal, imbedded between insulators 
and usually enclosed within the device itself. In many 
places where heat is required in manufacturing, elec- 
tricity is generally used. The most important installations 





are for electric welding, electric smelting, electric tem- 
pering baths, etc. It is also utilized in a thousand other 
ways. Electricity for domestic cooking has already 


reached such a high stage of perfection that the electric 


range can be said to compare favorably with gas or coal 
ranges. Probably the most popular heating device is the 
electric iron now in use in millions of homes. Electric 


heat is also used for culinary purposes in many of the 
largest restaurants and hotels In all these fields the 
General Electric Company has developed efficient 
and apparatus. 


devices 


Auxiliary Electrical Apparatus 


The auxiliary electrical apparatus that has been in 
vented and improved in the works of the General Elec- 
tric Company may well be said to cover practically the 
entire field of the application of electric ene rgy. An 
enumeration of these devices would be legion. Along 
with the development of important apparatus came also 
the invention of much special machinery for making it 
The distribution of electric current involved the produc 
tion of hundreds of wiring devices and accessories, plugs, 
sockets, receptacles, fuses, switches, etc. Then there are 
measuring, protective and controlling devices and other 
apparatus, such as ammeters, voltmeters, circuit b: 
voltage regulators, feeder regulators, signal accessories 
rheostats, lightning arresters, insulators, rectifiers, con 
trollers, oil switches, dimmers, projectors, motor-genera 
tors, synchronous converters, and other appa 
ratus and equipment 


The Future of Electricity 


The making of the electrical industry has been so rapid 


{ 
"Aakers, 


scores of 


because of the overwhelming magnitude of the poten 
tialities of this most flexible and efficient form of energy, 
that the skilled scientists and engineers of the General 


Electric Company have bent every effort in order to keey 
pace with the constantly growing demands for. its appli 





cation. They are ever reaching out into new and greatet 
spheres of activity for this universal servant of mankind 
No one can foretell its marvelous future; yet so exten 
sive even now are the applications of electric energ ve 


are impressed that electricity, the 
terious force we know of but do not 
yet know, is coming more and more to 
do the world’s work. 


GENERAL ELECTRIC 
ScuHenectapy, New Yori 


mys 


COMPANY 
Advertisement 








Neon ccaee—co 
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more techni periodicals and book how dynamos 


galvanometers mitteries telescopes team engine 


lathes, and wireless apparatus are constructed and 


how they operat 

rhe late George M. Hopkins, long an editor on the 
staff of the ScrentTirpic AMERICAN, designed much of this 
apperatus himself. What is more, he built every piece 
before publishing its plans and 


“Experi 


with his own hands 


specifications in the Screntiric AMERICAN 


mental Science” was the title under which his lucid 
articles were afterward collected in a book now in its 
twenty-seventh edition. It was in truth science of the 
most practical and instructive kind, and it filled a de 
cided want at a time when manual training schools were 
practically unknown in this country 

Exposing Swindlers. 

As the Screntiric AMERICAN ministered to the in 
tellectual requirements of a pre-eminently practical na 
tion, so it guarded its financial interests when they 
involved machinery. Swindling schemes, based on sup 
posedly revolutionary inventions, are encountered with 
less frequency now than formerly, chiefly because we 
have a large class of trained technical men to fall back 


upon for expert advice. Thirty years ago it was other 


Keeley, of blessed memory, who 


wise. The late John W 
talked with the glib obscurity of an In 
dian Swami and was possessed of the ' 
audacity of a Cagliostro, was the prince 
of these swindlers Year after year, the 


jeered at his 


SCIENTIFIC AMERICAN 





etheric vapor.” his vibrators, his reso 
naters, and the mysterious forces that 
served to discharge his etheric weapons 


engines The editor 





and to operate | 
took the troubie to build a duplicate of 


Keeley'’s “etheric gun,” to prove that it , 


me: 


SCIENTIFIC AMERICAN 


worth Building, the tallest and most modern structure 


of its kind in the world, was selected as the new home 
of the Scientific AMERICAN and of Munn & Co. Two 
wings of a whole floor how house the staff of the Scren 
rivic AMERICAN and the Patent Department of Munn 
& Co. The new home of the ScrenTiric AMERICAN and 
Munn & Co. is not only 
equipped with conveniences of all 


more commodious than the 
old, but is well 
kinds so that the businesses of publishing an important 
periodical and soliciting patents can be conducted with 
even greater efficiency than before. 


Patent Office Salaries and Expenses Seventy 
Years Ago 

TINUE seventieth anniversary of the Screnriric AMERI- 
| cAN leads us to compare the expenses of the Patent 
Office seventy years ago with those of last year. The 
Patent Office salaries in 1845 amounted to $15,545.20 
and $4,097.09 was paid to temporary clerks, and the 
total expense of running the Office, including postage, 
2.41 for 
; and 


library, compensation of district judge and $: 






agricultural statistics, amounted to only $31,172 
even with such a small expense the Office earned a net 
balance of $11,680.49 to be credited to the Patent Fund, 
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mill But being entirely inexperienced in pushing his 
t, in face of the 


invention, he could do nothing with 
strong opposition of carpenters, who saw in the inven- 
tion nothing but a means of robbing them of their liy 
had to watch his machine carefully 
lest it be burned by the hostile journeymen carpenters, 


ing. Indeed, he 


In those days the term of a patent was fourteen 
years, but by special act of Congress, the term could 
be extended seven years more if the inventor could 
show that he had made no adequate profit out of his 
invention. This William Woodward was obliged to do 
in 1842. 
vention to a group of men, each being assigned a cer 


Shortly after, he succeeded in selling his in- 
tain territory. These men, however, combined their 
interests and fixed the terms upon which the planing 
mill could be used. No machines were sold, but in each 
district a few machines were leased under a contract 
which bound the lessee to charge a certain fixed price 
for the work done by his machine. By this means a 
firm grip upon the lumber industry of this country was 
obtained. It was impossible for hand labor to compete 
with the machine, and practically all the business in 
dressed lumber was thus put under the control of the 
planing mill trust. 

In 1845 the original Woodward patent was surren 
dered and reissued. In 1849, when it was 
due to expire, sufficient influence was ex 
erted upon Congress to prolong the patent 
by another seven years, even though it 
could hardly be claimed that the patent 
had not proved a profitable investment. 
There was a storm of protest all over the 
country, which mattered little, for the ex- 





When 


gaining the 


was operated by compressed air 
Keeley died in 
rapidly 


1899, still 


ears of a dwindling number, 
stili living on the spoils of the mechan 
ically ignorant and credulous, the Scren 
TIFIc AMERICAN made a thorough exami 
nation of his laboratory at 1420 North 
Twentieth Philadelphia. Every 


piece of flooring was torn up, and every 


Street, 


nook and cranny searched. The investi- 
gation turned out exactly as the Scien 
Tipic American had predicted twenty 
years previously. Keeley's “etheric vapor” 
proved to be compressed air 

There were other schemes besides 
Keeley’s—all of them forgotten now, but 
as alluring to the unwary investor of 
earlier days es the possibilities of mines 


which exist only in the imagination of a 






Ree A Oo EN pO, A ee «Gone omg of ee pean BB et oe hemes, CC nthe eee 
6 ee en 





Wall promoter to the simple 


minded stock gambler of our own time 


Street 


(MERI 





In exposing them, the ScrentTir1n 





CAN probably saved many a reader from 


serious financial loss. Among the schemes 
effectually disposed of were the carbonic 
acid motor the gunpowder engine, the 
chloroform engine, and various perpetual 
motion contrivances 


The New Home of the Scientific 





American. 
Although it has crown healthily during 


pee 


vears of its existence, the 








the seventy 


Scuentiric American has occupied but 
five different buildings. The first home of 
Muon & Co., as we have said, was located 
in the old Sun Building, which then stood 
it the southwest corner of Fulton and 
Nassau There the 


pered for a number of years until the old quarters were 


streets paper pros 
found too smali, particularly for the patent soliciting 
lepartment. New and commodious offices were, there 
fore, secured in the original New York World Building 
at 87 Park Row, at the corner of Beekman Street, to 
which location the publication was moved in 1859, and 
this was its home until January $list, 1882, when the 
puilding was completely destroyed by fire. Practically 
all the valuable records and papers that had been ac 
eumulating for years were lost 

The period from 1859 to 1882 had been one of unusual 
prosperity for the Screnttric AMERICAN. It had gained 
readers in every part the country and in foreign 
lands, and had won for itself a reputation as an author 
No time was lost in securing 
continued 


ity on technical matters 


temporary quarters, and publication was 
without a break from No. 261 Broadway, at the corner 
of Warren Street Iiere the 
until 1884 In that year the establishment moved to 
No. 361 Broadway. at the corner of Franklin Street, 


where two commodious floors were occupied until the 


otlices were maintained 


present spring 
After thirty ye 
that more modern quarters were needed 
harmonize with the character of the Screntiric AMERI 
The Wool 


at No. 361 Broadway, it was felt 





quarters that 


CAN and the patent soliciting of Munn & Co 





The Scientific American in 1845. 


which even at that early day was of respectable pro- 
portions 

For the year ending December 31st, 1914, the Patent 
Office salaries amounted to $1,307,002.13 and its total 
expenditures were $2,000,770.12, with a net surplus for 
251,122.70. 


In his report dated January, 1846, the then Commis 


the year of $ 


sioner of Patents said: 

‘IT will embrace the opportunity to state that I have 
received from Prof. Morse an interesting account of the 
different magnetic telegraphs now in operation in Eu 
materials obtained by personal 
to say that Prof. Morse’s 


own brilliant invention by which thought is converged 


rope made up from 


examination I am happy 


with the rapidity of the lightning flash is eminent over 


all others of a similar character now in use in Europe.’ 


The Scientific American and the Planing Mill 
Monopoly 
N the early days of the last century William Wood 
ward, an old .carpenter familiarly known as “Unele 
Billy” in his home town of Poughkeepsie, N. Y., in 
vented a machine for planing lumber. This machine 
was provided with rotary cutters end feed roll. <A 
patent was granted to Woodward in 1828, on his planing 
















i 


t 


ses 455 two columns of closely 
See Ss d 


tension had already been granted. How 
ty Mo care on tkornthy ASp PNEREPRIBE, AND JOURNAL OF MGC WANICAL AnD OTHKE INPROVEMENTS ever, preparations were made to prevent 
Tewxons, tucesosy. acbrewsan cin semare any further extensions of the patent. 
Tae SELPRECTLA TIA Tye NIL oe ; ne sere In 1856, which was the year in which 
; feos pew os 


the second extension of the patent was 
Sais due to expire, it was evident that influ 
= work to have Congress 
grant a third extension. At this juncture 
the SctenTiFic AMERICAN took a hand in 
the fight. It was a young journal at the 
time, but already it had a long and influ 
ential list of subscribers. It began an at 
tack upon the Woodward interests in a 
series of editorials, and sent out form let 


ences were at 
—-: 


toe Se 








ters of protest to all its subscribers for 
their signatures and those of their friends. 
The patent was due to expire on the 26th 
of December. Early in December a bill 
was introduced in Congress for the fur 
ther extension of the Woodward patent 
The plan 


ing mill interests had their lobby workers 


during a term of seven years. 


busily engaged and it was rumored that 
money was being spent freely. It looked 
as if nothing could overcome the deter 
mined efforts of the Woodward party. It 
was then that the protest prepared by the 
ScIENTIFIC AMERICAN Was brought in. It 


was a huge document, “as big as a roll of 


mbt hoe Sescen hme es carpet,” they say, containing the signa 
* notes Benen” sma . a - 

Le ee ee tures of between fourteen and _ fifteen 
a ee thousand citizens. It was never read, but 


it was spread out on the floor and meas 
ured with a tape line. The document was 
found to be fifty feet long and contained 
written names. 
That was enough for Congress. The bill 
died, and the planing mill monopoly came 
to an abrupt end. 





An Intensive Climatological Survey. 
—Writing on “The Dollars and Cents Value of Cali- 
fornia Meteorology” in the University of Californie 
Chronicle, Mr. Ford A. Carpenter, of the Weather Bu- 
reau, describes a remarkable instance of a climatolog- 
ical survey in connection with a land development 
project. The location is a tract of land in southern 
California, 15 miles long by 5 wide, lying along the sea 
and rising therefrom in benches and terraces to an 
altitude of 1,500 feet. hydro- 
aeroplane stations, roads and railways are to be laid 


Town sites, harbors, 
out within this tract, and as a guide to their location 
as well as for the purpose of placing relative values on 
the parcels of land for country hemes and intensive 
farming, the climatic conditions of the tract are being 
studied in a most thorough way for a period of one 
Automatic meteorological 
instruments have been erected throughout the property. 


year, dating from last June. 


the record sheets are corrected and computed, and the 
great volume of data thus secured will be digested. 
Thus a detailed knowledge will be obtained of the cli- 
matic conditions pertaining to every 10-acre plot in a 
tract of 16,000 acres. This undertaking is probably 
without precedent. Of course, in a region of less equable 
climatic conditions than southern California such a 
survey would need to be prolonged over a period of 
many years to give trustworthy results 
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This Little Over-running Clutch 
Protects your Battery 


Vas Motor car driver knows how easy it is to stop 
the engine and forget to turn off the ignition. 


And it is quite obvious that every time this is done a 
serious drain is placed upon the battery—a drain that will 
entirely discharge the battery if allowed to continue long 
enough. 


The Delco system protects the driver against his own 
forgetfulness. This over-running clutch that is used in 
cranking the engine begins to buzz as soon as the engine 
stops and keeps right on buzzing until the ignition switch 
is opened and the battery cut off. 


It makes absolutely no sound when the car is in motion 
—but instantly calls the driver’s attention to the necessity 
of pushing in his switch button when the car stops. 


It is only one of a dozen little refinements that are help- 
ing to maintain and emphasize Delco leadership. 


240,000 Cars are now in Operation Equipped 
with Delco Cranking, Lighting and Ignition 


The Dayton Engineering Laboratories Company, Dayton, Ohio 





RECENTLY PATENTED INVENTIONS 


Of General Interest 
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LSI RECEPTACLE FoR CRNACES ound reproducing machines of either the whereby the steepness of the road can be 
EI i. Meyer, ¢ y I I ntion phonograph of graphophone type ind = more isily brought to the view of the driver of the 
t to d for r ng th particularly to that class sound reproducing | vehicle 
pit rt t t stirri » dust Leni in which the sound reproducing and WHEELBARROW J. Wt. Roya Wake 
‘ lropped pifying means are Inctosed within & cabin Forest, N. ¢ The purpose here is to provide 
pit ere ice having sides of very light material 
Prime Movers and Their Accessories in be brought into position or removed 
t refrom whiel ‘ “¢ . , 3 
j SLIDE VALVI , W Mi! Pr. O. Box enn - = ; ee pe aan ke 
q i 41, Winchester, 1 In the present patent the) ina+ there is never the necessity of buntiee 
> 7 7 — it tion has re rel to ide va s r ie oak . ; is 
eS YY ty we aa reget nae or sides which hav ween misplaced 
vid ne wher ves will aute WHEEL rr. ¢ BENBOW Absarokee, Mont 
\tica nd tw t tl ” ti This invention provides a resilient wheel for 
p= positions t . resne on ¢ , vith motor \ les, such as automobiles 
VALVE SPRING COMPRESSOR.—J. J.|°"@ the like, wherein cushioning elements are 
nm micas, 00 Monroe ft, Brookiya, N. ¥. N. ¥.[ remains tre for cunbloning Jar ane 
™ rhis invention ref a arises tread 1 iber, and wherein all of the “antes. 
tl I rval of ~ t valve ising 
—_ internal co tion « and is more 
ticular d ned for us n ni tior 
ASH RECEPTACLE FOR FURNACES tl Ford engine It provides a vals I 
pr r @ I I easily and q k 
: a ! through a spout b: , applied, whether to place tl valve in | t 
> tt iL : nea ate rt nove tl in I t t ing 
é - 7 ; ae rs : ‘a ‘ ri Rallways and Their Accessories. 
ipe dust After the dust ha ttled RAILROAD SANITARY APPARATUS.— 
we. pta the latter will r ved W Ke_Ley and I. 8S. KELLEY are Ke 
winging th er plat per Thus the Bros (irand Centra Terminal New York 
in be removed without raising any dust. | N Y This invention provides impounding 
means for railroad toilets, adapted to be emy 
Heating and Lighting. tied by authorized persons; provides means for 
IAS SCRUBBER W. M. Dersy.’ care of heating the impounding receptacle to pr I 
dard Oil Cloth Co., Buchanan, N. Y The freezing of the contents thereof; and provide 


ntion provides a gas scrubber having a ® steam heating equipment for said receptac 





























1l member for directing the gas in a cir. 2®Vins an automatic drain to prevent the ac 
path so that ull the impurities and cumulation of water therein 
will be directed outwardly to be de SAFETY DEVICE FOR RAILROAD TURN 
d vy flanges thr penings in a wal] TABLES J I SHERIDAN Bowling Green 
Mo The improvement provides means whi 
will lock a turntable when it is positioned 
relatively to a track to receive a locomotive o 
the track and which will automatically dispose 
a stop block on one of the track rails when 
the turntable is unlocked to permit of the rota 
tion of the turntable 
Pertaining to Recreation. 
FISHING DEVICE D. CONEKIN, care ¢ 
Pilots Association, Charleston, 8S. ¢ The in 
vention provides a construction and arrang 
ent of 1 ins wil yy fish may be aut 
atically from the water and depositec 
in a cold storage receptacle, without the neces 
sity f inually handling the fish and with 
great saving « labor. Mr. Conek 
has ir nted device, in whi 
he provides an arrangement whereby electric 
lights may be carried by the net supporting 
outris rs in such position as to cast their rays 
diagonally across the course of the vessel so a 
GAS SCRUBBER to concentrate them in advance of the net I 
order that fish happening in the zone f illu 
outer side of the spiral It also pro ination may be blinded so as not to noti 
ans, among others. for directing gas the approach of net and ve l 
wardly and spraying it at the inner sid DOLL’S HEAD.—Mary E. Rapick, 26 Oak 
spiral to cool and remove some of the j wood Ave White Plains, N. ¥ This doll ha 
purities, the gas then being permitted to a plurality of faces, each having a diff nt 
upwardly through the spiral xpression with ins whereby any one of the 
faces may be exposed, while the others are cov 
Machines and Mechanical Devices. ered so that the child can give different facial 
WRITER S A THOMPSON 644 expressions to its for example, either of 
Ave New York, N. Y¥ The invention happiness or sorrow 
s to machines in which a printing struc 


preferably in the form of a wheel, is em Pertaining to Vehicles. 


oyed, the same being provided with Ongers. powER TRANSMISSION MECHANISM 
the printing types on a face thereof. por MOTOR VEHICLES.—G. M. Stove, Gris 
printing structure is mounted on a frame wolg fowa By this mechanism power trans 


for locating a 


movement in its own plane mitted from a suitable drive shaft to the 

at the printing point, and the frame 18 power axle or shaft of a vehicle or machine 
ovable relatively to the platen of the type) pay be employed so that two sections or power 
for printing shafts may be driven simultaneously and at 
ROTARY VALVE I), BowMan, 435 Four- equal speeds in one direction, or in opposite 
Edmonton Alberta, Canada rhe directions, or whereby one of the sections may 

relates to multi-cylinder engines, par- be driven while the other remains stationary 

ticularly to those using gas or oil as fuel, and | thus permitting the shaft or vehicle to be pro 
f the objects thereof is to provide a ro- | pelled forwardly or backwardly, or in the event 


valve for each of said cylinders having, of a vehick turned at short angles approxi 
an inlet port and an exhaust passage. In| mately squarely around 

RESILIENT TIRE.—S. B. NEUHAUSEN, care 

of Alfred Doria, 229 W. 46th St., New York, 

N. Y An object of this invention is the pro 

vision of a resilient shoe for automobile wheels 

wherein the shoe is formed with a substan 

tially tubular body divided into sections, and 


the sections 


members 





GEAR E. M 
Address EB. 8. Ray 


SPEED CHANGING 








BURN and A. G. RAYBURN 
a Tae burn, Sausalito, Cal. This flexible device is for 
use in transmitting power from the power 
ul t split construction prevents any | plant of the vehicle to the wheels, wherein the 
nd when the valve becomes/driven shaft is connected to the countershaft 
ind a to the pressure during the|by means of a variable speed connection, and 
str being borne by the shaft running| wherein the countershaft is connected to the 
all bearings No amount of water will af-| driving shaft in such manner that the said 
the ti ng or area of opening of the valve.| shafts may be smoothly and gradually con 
operation is noiseless and easy } nected without any shock or jar 
WRITER ATTACHMENT G W CRIB ATTACHMENT FOR GO-CARTS Cc 
PALMER 113 Rieard Bid'g., Seattle, Wash.|S. Hearn, Montrose, Colo. This improvement 
ntion provide in att ment ipable| provides a crib of a form attachable to anc 
h nnecthe to type ter or detach letachable from an ordinary folding go-cart of 
therefrom for ipporting ro o iny ay oved form It provides a firm leg sup 
d or plain paper r rece iddre port for the front of the crib, together with 
esigned for attact nt to er yp elr fastening means for the rear end of the crib 
1 the like or for receiving not to detachably secure the crib body to the top 
oranda r th ik ind irranged t frame of the cart body, at the rear 
strip may be withdrawn for use from th HEADLIGHT CONTROL.-W. C. Sykes 
y the turning of the platen ro Greensburg, Pa An object of this invention 
ND REPRODUCING MACHINE C. W.lis to provide means for projecting a_ light 
2000 Washington Ave Bronx, N. Y.| downwardly or upwardly so as to illuminate a/ 
invention relates te improvements in | rising or descending road in front of the vehi 








split so as to present resilient side 


| cialized 
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WHEEL FOR MOTOR VEHICLES. 
ing inism is housed in such a manner as 
to prevent the entrance of dust and the like, 
while t the same time the resiliency of the 
wheel is not impaired, and the wheel is not 
increased in size and does not differ greatly 


from the ordinary wheel 

TRANSMISSION Ww B 
this patent the 
the provision of a 


HYDRAULIC 
Perrer, Montrose 
object of the 


Colo In 


invention is 


novel differential transmission unit having a 
hydraulic action and attaining the desired re 
sults, including a wide range of gear ratios, 


th forward or backward, without the use of 


ither spur or 


MAXIMUM 


bevel 


gears 
PRESSURE 


SAFETY INFLAT 


ING TIRE GAGE S. P. Nor, 142 Mt. Hernon 
Way, Ocean Grove, N. J The primary object 
of the inventor is to provide a device which 
will provide a certain and positive means for in 
suring the exact pressure in an inner tube for 
i pneumatic tire or the like that such tire is 
designed to carry, and to automatically indi 
ite at ail times the pressure within the tire 
ind especially the maximum pressure which 
the tire is adapted to withstand 
COLLAPSIBLE CORE.—G. E. Horton and 
‘ S. WaGNer, 198 South Main St., Akron, 
Ohio. The collapsible core is for use in the 
manufacture of rubber tires; and the inven 


tor’s object 


is to provide a core which can be 


isily and quickly manipulated This object 
s attained by providing a core formed of a 
plurality of sections bound together by means 


of fixed and expanding rings 


Designs. 

DESIGN FOR A VANITY CASE E. A 
GUTHMAN, 139 W. 19th St., New York, N. Y. 
This vanity case is oblong in form and com 
prised of three sections, of which the center 
one holds a small circular mirror, the whole 
article having scalloped edges around it and 


across the tops of its sections. 

DESIGN FOR A BUTTON, BADGE, OR 
SIMILAR ARTICLE.—P. R. Jotiy, 51 Maiden 
Lane, Raleigh, N. ¢ and R. L. Fow.Ler, New 
York, N. Y. This design is circular in outline 
and consists of a baby sitting on a floating 


leaf, holding a lily in its hand, the infant held 
by a cord grasped by the bill of a tall water 
bird standing on the edge of a reed bank and 


dressed in the garb of Uncle Sam. 


Note.—Copies of any of these patents will 
be furnished by the ScientTiric AMERICAN for 


ten cents each Piease state the name of the 
patentee, title of the invention, and date of 
this paper. 

We wish to call attention to the fact that 
we are in a position to render competent ser 
ices in every branch of patent or trade-mark 
work. Our staff is composed of mechanical 
electrical and chemical experts, thoroughly 


trained to prepare and prosecute all patent 
ipplications, irrespective of the complex nature 
of the subject matter invoived, or of the spe 


technical. or scientific knowledge re 
quired therefor 

We 
world 
and trade-mark 


tries foreign to 


have associates throughout the 
who assist in the prosecution of patent 
applications filed in all coun 


the United States 


MUNN & Co., 
Patent Solicitors, 
. 233 Broadway, 
New York, N. Y. 


] 
also 


Branch Office 
5 F Street, N. W.. 
Washington. D. C. 
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See how wide and easy- 
opening the doors are— 
hinges and catches 
cunningly hidden 


And sit on the deep 
and restful cushions 

glove-soft leather 
ofhighest quality 












Note the room in the 
driver's seat— room 
for the tallest man to 
sitin COMFORT 








- . 


Every detail of the 
motor simple and 
readily ACCES- 
SIBLE 
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Order NOW 
—if you want a Studebaker 


That's our advice on the day this issue 
of The Scientific American goes to press 
With 148-acre plants, the largest in the 
industry, most ofthem running overtime, 
we aren't going to be able to fill anything 
like the orders we're getting. We've built 
25,000 cars during the last six months 

the winter months at that—and even 
then, there's a Shortage of SIXES in sight. 
Your local Dealer may have a few left 
—but not for long. Better see him NOW 











Studebaker Prices 


Studebaker ROADSTER - - $ 985 
Studebaker FOUR - - - - - 985 
Studebaker SIX, 7-passenger - 1450 


F.O. B. Detroit 


Prices in Canada 


Studebaker ROADSTER - - - $1250 
Studebaker FOUR - - - - - 1250 
Studebaker SIX - - - - - - 1750 


Studebaker SIX, 7-passenger - 1825 





k for 





p “a. 


ail Axle with its extra strong 


And then feel the 
satiny finish that's put on 
to stay BRIGHT with 20 
finishing operations 



















* And study that famous Studs- 
. vi baker FULL- floating Rear 


pressed stee/ housing 


uality EVERY where 
—not just in spots” 


You can find many cars that excel in this or that detail of construction. One will talk POWER 


steadily—because it has paid most attention to power—developed that one quality more highly 
than others. Another, perhaps, will talk of its light weight—because its engineers have de- 
voted especial attention to doing away with useless weight. Others will tell you of this or that 
BIG excellence. But Studebaker emphasizes no ONE excellence in this Studebaker SIX to 
the exclusion of all others. For the simple reason that Studebaker has built this Six to be 
100 per cent. quality from “stem to stern.” 


It’s the “evenly built” SIX 


Straight thro’ the car you can go and find 
QUALITY in every detail. No one feature 
over-developed. But every one as highly 
developed as Studebaker’s $45,000,000 re- 
sources permit. 


And that is why men who have in the past 
paid high prices for Sixes—-twice, thrice 
the price of this Studebaker SIX— now are 
buying Studebakers. They find that at 
$1385, this Studebaker SIX gives all that 
formerly they paid much higher prices for. 


They want BEAUTY—and they find it in 
this SIX. They find a long and massive car 

a car that sits close to the road. With 
long, unbroken lines sweeping back in 
graceful curves. 


A satiny lustre that STAYS 
bright 
And a finish that few cars at any price can 
match—a smooth and satiny lustre that 
STAYS new—because it is worked on thro’ 
20 operations during the two months the 
car stays in the paint-rooms. 


And not a detail is overlooked to enhance 
the beauty of the car, either. Handsome 
CROWN fenders and running-boards free 
of tires and tool-boxes, hidden handles of 
the doors—all lend grace to the looks of 
the car. 


They want COMFORT—and they jind it 
in this SIX. They find a big, inviting car 
with room enough in the driver’s seat for 
the tallest man to sit in comfort, even thro’ 
long days of touring. Plenty of room in the 
tonneau, too. 


Deep, restful cushions of 
high-grade leather 


And the wide, roomy cushions, so deep and 
restful, are alluring to the man who has 
owned the costliest of cars. 


The doors, too, are wide and easy to open. 
The hinges and the catches are cunningly 
hidden so that no latch lies in ambush to 
rip even the fluffiest of summer dresses. 


But what of POWER? comes the query. 
And merely a glance at that simple motor 
suffices to convince any man who knows 
moteors of the silent and flexible power this 
SIX has. 


See how simply and cleanly designed it is 
marvelously accessible in its every detail 
built to develop power—but ECONOM- 

ICAL power that takes you uphill and 

down, over any roads, always making every 

drop of gasoline PULL. 


Silent and Flexible Power 


And then, the simple, RELIABLE-at-any- 
speed Battery ignition system that Stude- 
baker uses in place of the magneto. Most 
of the leading cars have discarded the mag- 
neto—but Studebaker is especially fortunate 
in having done so THREE years ago-- and 
in having had THREE extra years’ experi- 
ence of over 100,000 Studebaker owners to 
work on in the development of this Electric 
System. 


And then, as you study the rest of the car’s 
make-up, that Studebaker FULL-floating 
Rear Axle, for example, catches the eye of 


every man who has ever driven a car. 
Simplicity itself in design, it says at a 
glance to the man who knows cars 
“SAFETY” and “ACCESSIBILITY.” 


The EASIEST-riding Car 
you ever sat in 
The radius rods and torque arm say that 
the car rides freely and smoothly on ANY 
roads. For they take the driving thrusts off 
the long, fiat springs that you find in the 
rear. Wonderful springs they are, too--a 
marvel to the man who knows the difficul- 
ties of spring designing. For they are the 
outcome of THREE long years’ experi 
ment with designs and steels of a hundred 
alloys. Three-quarter elliptic, with spring- 
shackles at both ends to take up end-play, 
they make the car marvelously EASY-riding 


You find a brake equalizer such as only 
one of the $5,000 cars uses. Oversize brakes, 
too, that insure SAFETY. You find a dett 
balance of chassis that makes the car 
EASIER-riding, easier-driving—easier on 
tires, too. 


Can you get more—even tho’ 
you pay more? 

And so you can go from stem to stern of 
this Studebaker SIX and find QUALITY 

in every little detail. And when you 
stand it side by side with other cars, even 
at twice its price, you will have to answer 
a very decided doubt in your own mind as 
to whether you CAN get more than $1385 
will buy in this Studebaker SIX. See it at 
your local Studebaker dealer's —- and 
EARLY if you hope for prompt delivery. 


STUDEBAKER — DETROIT 


Canadian Plants, Walkerville, Ont. 
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In 1845 Fingers and Quills 
Were About the Only Counting Devices 


NOW ALL THE WORLD IS USING 
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PRODUCTS 


“LITTLE THINGS THAT COUNT” 


[he advantage underlying all Veeder counters is that 
they enable you to know exactly what automatic machinery 
and operators are doing. It is this analysis of what is 
going on (and the resulting improvement) which distin- 
guishes modern business from old-fashioned business. The 
time is coming when it will be considered absurd to have 
any considerable manufacturing department which is not 
equipped with these little automatic counters. There is a 
Veeder counter for practically every purpose. If you do 
not see one here that seems to fit your need, or of whose 
application you are dubious, write us for further particulars. 
And anyhow we would like to send you our booklet. It is 
yours free for the asking 
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() 
— a Set Back 
i> UW iveleowlanwlann Revolution 
}eO | , wa es Counter 
ae Half Size 
This instrument 


counts one forevery 
com pl ete revolu- 
This counter can be furnished either in the form 
Models are supplied with 
It may be set back to zero in- 





tion of the shaft 
of direct drive ratchet or locked wheel 
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any number of wheels up to ten 








eal stantly but only by the possessor of the key in the case of this 
-— particular model The lock and key feature is optional. 
S —— 
o Small Set Rotary 
CJ a Ratchet 
™ papeqnegy Counter 
Half Size 

© No. 6 
}---—4 Our Small 

. Set Back Full Size 





Counters are 
just as high 
grade as our large counters and 
are designed for somewhat light- 
er work and are lower in price 
This counter is supplied in either 


In this Ratchet Counter 
there are no internal stops to reg- 
ulate the throw of the lever. It 
will register only in the forward 
direction and the number of 
figures registered depends upon 
the distance the lever is moved. 


Price $1.00 


form, as desired. 
Choice is offered of 3, 4 or 5 wheels 


Price $4. With lock and keys $5.25 


ratchet or revolution 














Clutch Speed Counter No. 21 


This is the best instru- 
ment for determining re- 
volutions per minute ot 
a shaft or any revolving 
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part. A stop-watch is 

not required, since the 
oman register is automatically 
= Third disengaged by a spring clutch the instant 
—— Size pressur= is removed. This is the most satis- 
=) factory speed counter ever designed It will not stick or overheat 
a! at high speeds. Price $3.00 
}——— 4 _ 
| 
~ HUB ODOMETER 
4 

The Hub Odometer is one of the most useful 

3 of all Veeder devices. It gives you an infal- 
| lible record of the distance traveled by 
<< your car forward and back. There is no 


way to beat or deceive it A great com- 
fort to men who “want to know.” 


| 








Mechanical engineers know that the 
word Veeder stands for the best 
structed and most accurate counting devices 


It is not, however, generally 


con 


in the world. 
known how wide is the variety of instruments we are prepared to 


offer for use in almost every line of business. It will pay any 
business man to write us and find out just what we offer for his 
individual advantage 


Cyclometers for Bicycles and Motorcycles. Odometers for Auto- 
mobiles and Horse Drawn Vehicles. Counters for practically every 
Tachodometers and Fine Die Castings 
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I achometers 


Veeder Mfg. Co. 
18 Sargeant St. Hartford, Conn. 


purpose 
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Seventy Years of Invention 
Concluded from page 520.) 
menting. The present type of automatic 
bobbin-changing loom was the outgrowth 
of an invention made by James Hi. Nor 
throp, who instead of following the old 
idea of changing the shuttle in order to 
renew the weft, conceived the idea of 
changing the bobbin in the shuttle auto 
matically while the loom was in motion 
By April, 1890, several looms were con 
structed on these lines. The basic patent 


for filling-changing looms was granted on 


1891. Before this patent was 
issued had 
placed filling in a shuttle in a shuttle box 
of a the shuttle auto 
matically. 
ceived a patent for shuttle-changing mech 


June 23rd, 


no one ever automatically 


loom and threaded 


On the same date, Rhoades re 


anism, which applied the principle of the 


weft fork for detection of the absence of 
the failure of filling and of an ejector to 
the changing of a shuttle in which the 


filling was exhausted. These patents con- 
the foundation of the 
by the Draper Company 
filling-changing looms. 

for automatic 


monopoly 
for 


stitute 
possessed 
automatic 

An early patent 
replenishing looms, especially adapted for 
granted to 


These in 


weft- 


multi-colored weaving, was 
Wyman and Crompton in 1898. 
ventors were the first to use a loom con- 
taining a series of shuttles under the con- 
trol of a pattern surface to present at a 
shed a shuttle desired different 
colored filling and an apparatus by which 
to provide automatically 
with like filling, thus the 
page of a loom when filling is to be sup- 
plied to a shuttle; also having suitable de 
vices to move positively the filling feeder 
having filling of different that 
the filling of the desired color may be put 


having a 
such shuttles 


avoiding stop- 


colors, SO 
in position to be removed from the feeder 


and put into a shuttle then in place to 


receive it 


1905-1915 
The nearer we come to the present day 


the more difficult it is to pick out the in-| 


ventions of importance. It is impossible 
to tell at the birth of an idea what 
its future development may be. And so 
| iu listing the inventions of 1905 to 1915, 


we shall undoubtedly leave out many in- 
ventions that may prove of highest conse- 


quence in years to come, and, on the 
other hand, we may include some that 
loom up rather large now, but which when 
viewed from the proper perspective of 
time, may prove to be not so important 
after all. 

Many of the recent inventions are re- 


ferred to in detail in the special articles in 


this issue, and to avoid repetition they 
will not be listed here, which will ac- 
count for the rather meager showing of 


the following list. 
Paper Pulp Improvements. 

In the paper pulp industry the past ten 
years have been marked by important de- 
velopments: The rate and uniformity of 
production have been increased especially 
by the use of tall magazine grinders, in- 
within the 
three of the magazine 
type hold twelve cords of wood, which are 
sufficient to keep the engaged for 
a twelve-hour grinding period. The sup 
ply of stone to the grinder box is regulated 


troduced from Germany past 


years. Grinders 


stone 


automatically by hydraulic presses operat 


|ing on each side of the stone, so that the 


grinding operation may be continued dur 
ing an entire night shift without attention. 

In the United the 
f the paper industry to its present 
portions has taken place very rapidly. The 


States development 


pro 


Fourdrinier have been lengthened 


and widened until to-day paper machines 
which have a 


parts 
‘e actually in operation 
width of 202 inches and are capable of 
being speeded up to 700 feet a minute, : 
against 9) inches of width and 200 feet a 
minute not In 
many, prior to the outbreak of war news 
machines had contracted for 
a speed of 1,000 feet a minute, 


is 


so Many years ago. Ger 


print been 
to run at 
each being equipped with wires of 204% 
inches maximum width. The introduc 
tion of scientific methods and management 
in the paper industry has resulted in re 
ducing the cost of paper notwithstanding | 


| the 
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In 


was 


of materials. 


IS79 the average price of all 


rising prices raw 
paper 
$122 per ton, and in 1909 the cost per ton 
to the consumer was $56. 

High-speed Printing. 

After Campell, Tucker and Crowell had 
brought the newspaper printing press to 
a point were 24,000 to 29,000 copies could 
be 


ment 


printed an hour, no marked improve- 
was made until Henry Wise Wood 
of 
his first presses was installed in the offices 
of the New York Herald this year. Instead 
of drawing the paper through the press 


introduced radically new ideas. One 


a proceeding which subjected it te strain 
and reduced the speed of printing for fear 
of breakage—Wood carried it along bodily 
without strain to the printing types. The 
machine adjusts itself automatically to 
the peculiarities of the various paper rolls, 
that and the 
amount of attention required by the press 
is reduced to a minimum. The paper is 
handled in and in a 
single stream made up of as many thick- 


breakages are avoided 


so 


streams assembled 
nesses as the newspaper to be printed has 
This combined stream is then fold- 
ed, cut and delivered. The rate of print- 
ing is 60,000 an hour (eighteen to thirty- 


leaves. 


two pages. ) 

Although inventors had given the news- 
paper office the rapid printing press and 
type casting and composing machines, 
stereotyping remained almost at its start- 
ing point, one of the few arts still in the 
realm of hand In 1900 stereotyp- 
ing was revolutionized by the introduction 
of Henry Wise Wood’s “Autoplate” 


This consists of a casting mechan- 


labor. 


ma- 
chine. 
ism and a series of finishing mechanisms 
vhich automatically co-operate in one ma- 
chine to make casts and finish them. When 
used to make plates of the conventional 
half-inch thickness its speed is four fin- 
ished plates a minute; but when the thick- 
ness is but one quarter of an inch eight 
obtained. <A 
not 


plates a minute are easily 


single machine does work that could 
be so well performed by thirty-five men. 
The Gyroscope. 

One the promising developments of 
the but it 
impossible to gage thus far has been the 
of the gyroscope in a great many 
widely different applications. Mr. Louis 
Brennan, inventor of the Brennan torpedo, 


of 


decade, whose importance is 


use 


devised a gyroscopic monorail, the car be- 
ing supported on the rail without any lat- 
the of a pair of 
turning gyroscopes. This re- 
newed interest in the previous invention of 
Schlick, 
from 


eral guides, by action 


oppositely 


who used a gyroscope to keep a 
Dr. H. Anschiitz- 
Kiimpfe developed a gyroscopic compass 
to displace the magnetic compass, and this 
has been used with considerable success in 
particularly submarines in 
which the compass is entirely surrounded 
by a steel shell that acts as a shield for 
the magnetic needle and prevents it from 
being affected the earth’s 
A gyroscopic stabilizer for aeroplanes was 
developed by Sperry in this country. 
Metalizing or Metal Plating. 
A process of dry galvanizing or “sher- 
was discovered by Mr. Sherard 


ship rocking. 


warships, 


by magnetism. 


ardizing” 
Cowper-Coles. $y this process iron and 
zine can be coated with metallic zine by 
the simple operation of bedding the piece 
in zine dust in a drum and raising the 
temperature of the zinc dust to 500 or 600 
Fahr., which is some 200 degrees be- 
Dr. Schoop 


of coating 


deg. 
low the melting point of zine. 
Ziirich invented a method 
objects with metal in which the metal in 


of 


pulverized state was projected against the 
by a jet of 
The object is thus bombarded with a hail 
of fine metallic particles, which are lique 


object high-pressure steam. 


fied by the energy of the impact, and thus 
soldered one to another, 

In 1907 E. G. Acheson discovered a meth 
od of producing deflocculated graphite. 

Mechanical Engineering. 

There were many improvements in me- 
chanical engineering aside from those list 
ed in our article on machine tools. Mr. 
H. A. Humphrey, a well-known English en- 
invented internal combustion 
In this pump there are no 


gineer, an 
water pump. 
moving parts except the mushroom valves. 
The explosive mixture of gas and air is 
ignited in the engine in contact with one 
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THE FOUR GREAT EPCCHS 


IN THE HISTORY OF TIRES 





- 
/ 
f 
, PNEUMATIC PUNCTURE-PROOF 


,. a ee PNEUMATIC 


HE EVOLUTION OF THE WHEEL SHOE 
exhibits four definite phases: Metal, Solid Rubber, 
Pneumatic and Puncture-Proof Pneumatic. 

The history of the first three is universally known. 
The fourth, and greatest development, the production of 
the LEE PUNCTURE-PROOF PNEUMATIC TIRE, marks 
a gigantic forward stride into the future of motoring. It signifies the 
definite passing of ROAD TROUBLE while still preserving the inherent 
COMFORT advantages of the pneumatic principle. 

Furthermore, the elimination of puncture and blow-out naturally 
tends to increase the MILEAGE of the tire. Still further 
equipped to resist road friction is the LEE tire by the use of 
“‘vanadium”’ treated rubber. The effect of this exclusive LEE 
process is to toughen the rubber while at the same time toning 
and bracing up its natural resilience. 

Intensive HAND BUILDING with costly materials is yet an- 


other contributory cause to the great LEE effect—MORE MILE 


AGE. LEE tire construction is fully described in our free booklet. 
New million-dollar LEE factory is now running day and night. Sales 
of LEE Tires have increased over 600 per cent. in the past two years. 
































NOTE—The LEE Tire is the only pneumatic tire carrying a definite 
written guarantee of immunity from puncture under penalty of a cash refund. 


WRITE FOR BOOKLET “17” 


LEE TIRE & RUBBER CO. 


Manufacturers of Rubber Goods Since 1883 


CONSHOHOCKEN. PENNA. 





Look up “Lee Tires” in your 
Telephone Directory. Dis 
tributors in all principal cities 


| GUARANTEED 
PUNCTURE- 
PROOF 

PNEUMATIC 
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From every quarter 

of the inventive earth, 

for years past, foremost 

men of ideas have been 

drawn to this one focus 
the Continental Motor. 


In Continental labora- 
tories, alone larger than 
many complete automo- 
bile plants, these men have 
given their best to make 
good motors better. 


[ontinental 
Motors 


“Experience,” not ~Experi- 
ment,” is the Continental key- 
note. Experience is a certainty; 
experiment is a hope. Conti- 
nental deals only in certainties. 
Any Continental motor, of any 
type bearing the Continental 
trademark, affords the 
purchaser a certainty almost 
without parallel in commercial 
transactions. 


Insist on a Continental — be sure 


Continental Motor Mfg. Co. 
Detroit, Mich. 


Largest exclusive motor builders in the world 













MAGIC, STAGE ILLUSIONS AND SCIENTIFIC DIVERSIONS, INCLUDING TRICK PHOTOGRAPHY 
Compiled and edited by Albert A. Hopkins. With an introduction by Henry Ridgely Evans. 
7x10 inches. Cloth. 556 pages. 400 illustrations. $2.50 

This very interesting volume is acknowledged to be the standard work on magic. It appeals to 
the professional and amateur alike. The illusions are all explained in detail, showing exactly 
how the tricks are performed. 


MUNN & CO., inc., Publishers, Woolworth Building, New York City 











end of a column of water which fulfills 
the dual function of piston and flywheel 
ind moves so as to draw in a fresh com 

bustible charge, to compress this charge 
previous to explosion, to permit expan 

sion to be carried on to atmospheric pres 

sure, and finally to exhaust the products | 
of combustion. All these movements are 
brought about and controlled by changes 
in the momentum which occur naturally in 
the column of water itself. 

Nikola Tesla invented a steam turbine 
which depends for its operation on the vis 
cosity of steam, acting upon a series of 
flat metal disks narrowly spaced apart. 

Charles M. Manly, who first sprang into 
prominence in connection with his work 
on the Langley aeroplane, developed a 
hydraulic drive system that is a hydraulic 
means of controlling the speed of a motor 
vehicle. A number of similar variable 
speed gears were developed, one of them 
being used with great success for elevat- 
ing or “pointing” the guns of battleships 

Mr. David Roberts invented the cater- 
pillar tractor which could haul heavy guns 
or other trailers over rough country. The 
creeping action of the caterpillar tractor 
enables it to go over country that is cut 
up by gullies and over sandy or marshy 


| ground with equal facility. 


The decade was particularly marked for 
developments in illumination, but this sub- 
ject is fully covered in a special article. 

In 196 Hans Kuzel succeeded in mak- 
ing filaments from the colloids of heavy 
refractory metals such as tungsten, vana 
dium, ete. The filaments thus obtained 
when heated pass over to the metallic 
state and form very thin homogeneous 
threads of pure metal. Efficiencies of one 
watt were obtained. 

The rise of the moving picture industry 
made it important to obtain a safe film. 
In 1907 A. Eichengriin conducted experi- 
ments with Becker and Guntrum, which 
vielded acetyl-cellulose, known better by| 
the trade name of cellite. Cellite is not 
generally used as a material for photo 
graphic tilms, but rather as a transparent 
substitute for celluloid for other industrial 
purposes, 

The commercial development of the 
phonograph in the past ten years has been 
almost as remarkable as that of the mov 
ing picture industry. 

Early in the decade Parsons of turbine 
fame brought out his “auxetophone,” 
a device for augmenting talking machine 
sound reproduction by the use of com- 
pressed air, the air being admitted through 
un valve controlled by the needle, and 


| hence taking the place of the reproducing 


diaphragm. 

In this decade, Thomas A. Edison com- 
pleted his storage battery in which nickel 
hydrave forms the active material of the 
positive plate, and iron oxide of the nega- 
tive plate, while the electrolyte consists of 
a solution of pure potassium hydrate 
(caustic potash) in distilled water. 

Fournier d’Albe invented an apparatus 
known as the “optophone,” which renders 
light audible. This effect is accomplished 
by the use of selenium cells in an electric 
circuit, containing a telephone. By its 
use a person totally blind may be able 
to locate a window or open bright light, 
and to discover readily the shadows of 
objects passing between him and the light. 


The Rise of the Automobile 


(Concluded from page 522.) 


everything before them. In the rear of the 
crowd of contestants was Frank Duryea 
with his American machine. No one had 
any idea that it would figure prominently 
in the race. For a long time Frank Duryea 
was retarded by having to thread his way 
through the slower machines. One fifth 
of the distance had been traversed before 
he cleared the crowd. Then he put on full} 


One after the other he passed the | 
| 


speed. 
fast foreign cars, and when he reached 
Brighton he sat down and waited nearly 
an hour for his nearest competitor to 
come up. America led the world! But,| 
as Mr. Charles E. Duryea has tersely put | 
it, “Americans were not ready for the} 
automobile. Oats too cheap.” 

We must turn back now for.a moment | 
and Jook into the early history of the elec- | 


|}which originally built 
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trie vehicle It antedates the gasoline 
vehicle, for in 1SS2 we find, in Boston, an 
electric “brake” with a capacity for eight 
passengers This ran at a maximum of 
16 miles per hour and at half that speed 
could make 40 to 50 miles on a single 
charge of the battery. In 1888 P. W. Pratt 
was running an electric runabout on the 
streets of Boston. The idea of an elee- 
tically propelled vehicle occurred to in- 
ventors long before this, but it was not 
until about that time thet the storage 
battery had developed to an extent that 
made it available for pleasure purposes. 
In 1896 an automobile race was held at 
the State Fair at Providence, R. I. A 
Duryea gasoline car maintained the lead, 
Riker 
followed it closely and was beaten out for 


but an electric car built by A. L. 


second place at the finish by another elec- 
trie car entered by the Electric Carriage 
and Motor Company. The next year the 
Pope Manufacturing Company built a 
two-seated phaeton, driven by electricity. 
and in 1898 the manufacture of electric 
vehicles had assumed such proportions as 
to make a very creditable showing at the 
Electrical Show held in Madison Square 
Garden, New York. 

Returning again to the gasoline vehicle, 
we find Alexander Winton a most active 
promoter of public interest in the auto- 


mobile. As early as 1897 he started out 


jon a long-distance tour, attempting to run 


from Cleveland to New York city The 
difficulties of such a trip can only be real 
ized when we consider that the roads in 
those days were far worse than they are 
now and the motorcar was by no means 
a robust machine. It took Winton from 
June 28th to August 27th to complete the 
trip. In 1901 Winton tried another ver) 
ambitious tour, this time a transcontinen 
After encountering almost in 
superable difficulties, his tour finally 
ended in the sands of the great desert 
through which he found it impossible to 
In 1903 Winton succeeded 


tal tour. 


make his way. 
in driving across the continent. Two 
other machines also made the trip, namely. 
a Packard and an Oldsmobile. The first 
beginning of automobile manufacture is 
claimed by Winton, who in 1898 built and 
sold four motorcars. 

The first automobile show in New York 
was held in 1899. This was really a bicy 
cle show, in which automobiles were in 
cluded as a prominent feature. The next 
year the automobile had a show all to 
itself, and among the features of domestic 
manufacture were many steam machines 
and several electrics. 

Track racing suddenly 
popular. A notable contest was held at the 
mile track at Guttenberg, N. J., in 1900, 
where races were held between gasoline. 
One of our 


became very 


electric, and steam vehicles. 
photographs shows the start of a five-mile 
race between two Panhard and Levassor 
machines, which was won by A. ©. Bost- 
wick in the remarkable time of 7 minutes 
and 4345 seconds, a speed of close to 3S 
miles per hour. In the ten-mile champion- 
ship race the same two cars raced, but 
this time they had a serious competitor in 
an electric racing car built by A. L. Riker. 
In these days we are not accustomed to 
class electrics as racing automobiles, but 
in that race the Riker machine romped 
away from the others and led them by 
many yards at the first mile, when unfor- 
tunately, a short-circuit disabled the bat 
teries and put the machine out of the run- 
ning. Bostwick again won the race. His 
time was 15 minutes and 9% seconds, a 
speed of between 39 and 40 miles per 
hour. It is interesting to note that, de- 
spite his early successes, Mr. Riker aban- 
became chief 
Company, 


doned the electric and 


engineer of the Locomobile 
steam cars and 
finally abandoned steam for gasoline. 

An omnibus provided with gasoline elec- 
tric drive was exhibited in 1902. In the 
Automobile Show of 1903 the air-cooled 
four-cylinder Franklin was a prominent 
feature. Public demand for a light. inex- 
pensive car was reflected in the motor- 
driven buckboard. At the show in Paris 
that year the beehive radiator made its 
appearance, also magneto ignition. 

In 1904 the American automobile had 
developed so far that the Scienriric 
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A Helping Hand 


For Every 
Motorist 


This Is To Be Taken Literally And 
Interests Every Car Owner! 


O FAR as we can, 

through our Service 
System, we will eliminate 
for any car owner all in- 
conveniences in the use 
of tires. 


If you use tires other than 
Fisk, we particularly invite 
you to stop in at one of 
our Branches the next 
time your tires need atten- 
tion and thereby inform 
yourself as to the substantial 
qualities of Fisk Service. 
To present Fisk Users we 
would say that the privi- 


leges enjoyed at your local Fisk 
Branch are to be found in every city 
where we are located. 


The Secret of the Success of the Fisk 


Tourists should send for a list of 
Fisk BranchA ddresses andPlan to 


take advantage of our Service even 
though they may not use Fisk T ires. 











Service Policy isits uniformity. The 
Service is organized. There is noth- 
ing like it in the tire industry. We 
are building our business on an 


Established Reputation for Good 


Tires and for Courtesy 
and a Personal Interest in 
the requirements of all 
tire users. 


Every car owner, regardless 
of what tire he may use, is 
welcomein any Fisk Branch. 
He will find there a spirit 
of accommodation which 
willadd materi- 
ally to his pleas- 
ure and con- 
venience when 
his tires are in 
necd of atten- 
tionofany kind. 

















Fisk Tires Are An Extraordinary Buy 


Prices are Low. There never wasa time when Fisk Tires were 
better quality or gave more universal satisfaction. This state- 
ment can be easily verified by inquiry among Fisk Tire users. 


THE FISK RUBBER COMPANY 
Factory and Home Office 


You Can Buy Fisk Tires From AxiL Dealers—Fisk Branches in ALL Principal Cities 


Chicopee Falls, Mass. 
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p2sy access to the front seats 

from the back is afforded by 
space between two front seats, 
making it possible to reach the 
seat beside the driver without 
going around the car 


Pierce-Arrow 
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You'll be there if a BUDA motor 
drives your car. 

Whether you allow yourself time a-plenty, 
or, in a tight pinch, must “make it” in a hurry. 


To have a good motor is to be able to for- 
Will you meet that appointment or 
No doubt disturbs you ir 
you drive a BUDA MOTOR. Our thirty- 
four years of striving for the best are behind 
your peace of mind. 


get it. 
satch that train? 


‘Has it a BUDA MOTOR?” to the 


or truck 


Say, 
salesman when you buy your car 


TWICE AS MANY BUDAS THIS — 
YEAR AS LAST proves that our most Af 8 Cylinder 
telling advertisement is the satisfaction °c, 
of the user. In April, 1915, we sold 
TWO AND ONE-HALF TIMES 
as many Buda Motors to twice as 
many car and truck builders as in 


April, 1914 


. 


THE DUDA COMPANY, HARVEY * 
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AMERICAN felt justified in declaring that! K 8 ae Pr 


we have caught up with France, or at — 


any rate ire close to her heels The ’ 
Automobile Show that year was ery ( \ 
elaborate. The honeycomb radiator had C/N Q/7 


pretty well disposed of the finned tube 
and was now well established More at 
automobile tops 


tention was paid to 


VINRUDE 


which would render the cars serviceable 

in bad weather The motor was univer ‘ (th STi 

sally placed in front, where it could get > FQ. fl C/T 
iir The air-cooled motor with a= fan 

proved a success. The transmission and 0. CY TOW - 
rear axles were provided with ball bear A 





ings. The mechanism was provided with 


< 
= Doatand you 
mechanical lubrication . re Ye 
rendered automatic The use of the mag : 
neto was on the increase, although most F qed spee Y 
of the cars still used dry batteries. Wheel y 
mororboa 


Carbureters were 


4 







steering became almost universal Sev 
three-cylinder cars ap ° 


Wood was replacing wire for 


eral two-cycle 


pea red 





wheel spokes Altogether the cars were | 
beginning to approach present standards. | 
In 1805 people began to realize that | 
they need not store their cars away f "| a 

the winter, but could use them in heavy " 
snows. The four-cylinder car was well 
established, and bevel drive displaced the 
chain almost entirely The old bieyele 
wheel tubing disappeared and special 
girder coustruction was used in the frame 
f 


steel were introduced The coach builders | 


Special grades ¢ 


work of the chassis 


became active in improving the design of} 
the car bodies. The jump spark was used 


almost entirely and the sliding transmis 





HINK of it, you people who 

love the great outdoors! This 

wonderful little marine motor 
enables you to instantly convert any 
kind of craft—rowboat, sailboat, 
houseboat or canoe—into a power 
boat. It drives an ordinary rowboat 
7 to 8 miles an hour—a canoe 10 to 
12 miles—and runs four hours on 
less than a gallon of gasoline. 


sion was extensively employed In 1906 


the multiple disk clutch came into promi-| 






nence, and roller bearings on the rear 





axles began to be used A great deal of 





attention was then paid to shock absorb 





ers and rebound checking devices. The 





machines were provided with expanding 
So light that it can be carried with you 
anywhere. So strong that it is practically 
unbreakable. So simple that women and 
children find no difficulty in operating it 
the first time they try. 


Write today for booklet describing 
the 1915 model—the last word in 
portable marine motors. 


Evinrude Motor Company 
32 Evinrude Bik., Milwaukee, Wis., U.S.A, 


Distributing Branches: 
69 Cortlandt Street ... New York, N. ¥. 
218 State Street ....... Boston, Mass, 
436 Market Street .. San Francisco, Cal. 
182 Morrison Street. .... Portland, Ore, 
38437-41202 





foot-brakes and emergency band-brakes 





In 1907 the six-cylinder engine began to 






appear. Low-tension ignition and also the 





chain drive were fast dying 






For the next few years there were noe 





startling changes in the automobile, but 


the body design was greatly improved 





The low-priced car made its appearance 





in 10. and in 1910 we have the bloe 






evlinder casting and a common use of left 






hand drive. The next year the Knight 






silent engine, an American’ invention 





which had been taken abroad a few years - 


before because it found little encourage — aaa 





ment here, was brought back again from 


England, where it had met with great Cm SAVE TOOL TEMPER | 


fave A ae , _ j ries 
r, and was introduced in American Cietakanitl Kletieitedibies sconaiaba: 


ne standard Berea and Huron 


ears. This focused attention upon noise 
stones, the sharpest cutting and 
in the common engine, and means were smoothest wearing grits Used 
- ~ by a large percentage of mechan- 
used for quieting even the poppet type of mee ies, machinists and industrial 
stone Model 


schools We supply 


hey 
engine 
> . 
By 1912 the fuel problem had become (| | d (j d t 
so serious owing to the introduction of eve afl rif § ones 
inferior grades of gasoline to meet the in a variety of grits, each carefully selected by our 
expert graders of 50 years’ experience. No soft or 


flint spots We are largest producers and guar- 
antee satisfaction Write for illustrated catalog 


enormous demands of motor users, that 
mechanical means of starting the engine 
became absolutely imperative. Suddenly a THE CLEVELAND STONE CO. 
great many self-starters appeared—some [p12 Lande tne an ae a 


ha exsive care, and some 8 MAT STE ENCE 


Enjoy Noiseless Shooting 
You can hold target practice or 
shoot noiselessly anywhere by 
fitting your rifle witha Maxim 
Silencer. It's fine for hunting 











by an explosive charge, and some by a me 


The following two years 





chanical spring 
were marked by an increasing use of elec 
tricity in gasoline-driven machines, for 
starting engines, shifting gears, operating 
horns, lighting the car, and so forth Al 
attempt was made to introduce the cycle 
but so far th 


ear into this country, WRITE FOR FREE BOOK 
American public has not taken very kindly POE SS Sy Supeeaaes 
to this type of machine 

This brings us down to the present year 
in which the chief development is the 
ulti-evlinder engine. The Cadillac Moto 
MAXIM SILENCERCO. CG“ 


started the movement last 
94 Huyshope Ave., Hartford, Conn. 


Car Company 
tee 





fall with an eight-eylinder V-type engine 





so popular that a num 





vhich is proving 


The Key To Success 
Stop Forgetting 7 


Increase Your Efficiency 
The secret.of business and social suc- 
cess is the ability to remember. I can 
make your mind an infallible classified 
index from which you can instantly 
select thoughts, facts, figures, names, 
faces. Enables you to concentrate, 
develop self-control, overcome bash- 
fulness, think on your feet, address 
an audience. Easy. imple. The 
result of 20 years’ experience in 
developing memories of thousands 
of students. Write today for copy 
of my book “How to Remember’’ 
and Copyrighted Intensely Interest- 

Test Free, also how 


ber of other manufacturers have intro 
duced the eight-cylinder engine or are plan 


ning to do so in the immediate futur 






and now, just as we are going to press 
comes the announcement of the Packard 


Motor Car Company of a twelve-cylinder 


Such, in brief, is the history of one of 
the most remarkable industrial develop 
ments the world has ever seen, an indus 
try which in less than twenty years has} 


grown to be one of the most important in | Faeell ing M. 7 a , 
. ~ to obtain FREE of my book 
the country. Its influence has been felt Dickson, “How to Speak in Pablie.”* 
Principal 


Dickson School of Memory, 790 Llearst Bldg... Chicago, IIL. 











in a seore of other industries. The pres 
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e Wide Use of the Storage Battery 


A Story of Unusual Achievement 


er || 





The ‘‘Exide’’ Battery is very widely used 
both’on sea and land for firing large guns. 














** Exide ’’ Stand-By Batteries are used by the 
large Electric Lighting and Power Companies 
to assure their customers of 
uninterrupted service. 














The “+ @blorive Hccumulator” is widely used 
in connection with electrically 
operated draw-bridges. 





The Bell, Western Union and Postal Companies 
depend upon the **‘ Chloride Accumulator” 
for telephone and telegraph service. 


— 





—-— 


The ** Chloride Accumulator ’’ and the” Tudor 
Accumulator ’’ are very widely 
used for car lighting. 

















The ‘‘ MyrapeExide’’ Battery has made it 
possible for every farin to have its own 
electric lighting plant. 





Over 250,000 t biles are d 


The ‘‘Cbloride Accumulator ’’ 





Serco 


174 of the storage battery street cars in 
with the ** Exide’ Battery for starting, New York City are operated by 
lighting and ignition. ** HycapsExide ’’ Batteries. 





ID YOU SAY you were not interested in storage 

batteries? Do you realize that not a day passes that 

a storage battery is not called upon to do some work 
for you? Look at the illustrations on this page. Did you 
know that storage batteries were a vital factor in all these 
applications of electricity? 

How much use could be made of water if there were no 
tanks, pails, buckets, etc., to hold it? A storage battery is to 
electricity what a re ceptacle is to water. 

In thig country ‘ ‘storage battery”? and “* The Electric 
Storage Battery Company” are inseparably associated. You 

can’t think of one without thinking of the other, because for 
27 years this company has produced by far the greatest part 
of all the storage batteries manufactured in this country. 

Just consider this thought. If all the storage batteries made by The 
Electric Storage Battery Company were suddenly thrown out of service 
this whole country would be badly crippled. Think of conditions with 
the millions of Bell telephones out of service. Think of the electric 
lighting companies in New York, Chicago, Philadelphia, Boston and 
other large cities without a reserve supply of electricity in cases of 
emergency. ‘Think of many of the railroads without signal apparatus 
with which to operate their trains. Think of submarines in the United 
States Navy without batteries for their operation when submerged. 
Think of thousands of electric delivery wagons and trucks suddenly 
made useless. “Think of hundreds of thousands of automobiles with- 
out batteries for starting, lighting or ignition. 

And again, don’t get the idea that a storage battery is merely a 
wood or rubber receptacle containing plates of lead immersed in dilute 
sulphuric acid. 

The big jobs and the imporant ones that storage batteries are doing every 
hour of the day prove that storage battery design and manufacture is of necessity 
a highly specialized and developed art. Storage batteries are and have beena 
most important factor in the growth and development of the electrical industry. 

This Company, organized in 1888, is the oldest, the largest and the most 
experienced storage battery manufacturer in this country. ‘The trade-marked 
names ** Bxide’’ and “‘Cbloride Accumulator ’’ are without doubt the 
most valuable storage battery trade marks in the country. 

Electrical engineers throughout the country know from long experience 
that these names stand for scientific design and the highest quality of material. 

Although the demands for new types of storage batteries have developed so 
rapidly, yet this Company has always thoroughly tested under actual service 
conditions each new design of its batteries before allowing it to be put on the market. 
It has not experimented on its customers. The reputation of the Company has 
been very carefully built up and maintained from year to year. 

And beside designing and manufacturing storage batteries which have 
given the Company the leading position in the industry, it has also built up a 
large service organization so as to most efficiently serve its customers in all parts 
of the country. This organization includes 15 Sales Offices, 13 Battery Depots, 
Branch Construction and Operating Departments and over 1000 Distributors. 
No battery user is far from a reliable source of information. 

If you are interested in storage batteries, whether a small battery for your 
motor car or a large battery for your local electric lighting company, you can 
with the utmost confidence take up the matter with this Company. 

Engineering co-operation, battery instructions, descriptive literature cover- 
ing batteries for any particular service—all are at your disposal. Write our office 
nearest you. 


wey Waar) OFETE 





and the The ‘‘Cbloride 
Hccumulator” and “Exide ’’ Battery give 
tne reliable source of energy necessary 
for — interlocking switch 
and signal work. 


**xide’’ Battery have been made 
standard for wireless service. 





Accumulator’? “Tudor 











A large majority of the Submarines in the U. 
Navy use “* Exide’ Batteries for 
their operation when submerg 














Industrial] trucks, operated by’' fronclade Exide ’’ 
Batteries are found to be 

















**xide’’ and ** troncladeExide * Batteries 
are very widely used in industrial 
and mine locomotives. 











The four famous *‘ Exide’’ Batteries have 
for years been used in a large majority of 
all electric vehicles manufactured. 


——o 








The dependability of the ‘* Exide ’’ Battery is 
strongly evidenced by its use 
in aeroplanes. 








L Eee | 


Hundreds of yachts are oqleogs with the 
**Cbloride Hccumulator ’ “Exide 
Battery for electric lighting service, 


THEELECTRIC STORAGE BATTERY CO. 


New York Boston Chicago Washington 
Pittsburgh 


Cleveland Atlanta 


Denver 


Rochester 


PHILADELPHIA, PA. 


Detroit 1888-1915 


San Francisco Seattle 


St. Louis 
Toronto 


Los Angeles 
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When ordering, say—Medium -Heavy—or Ford | 
Special —That’s all you have to know about 


“ The Oil That’s Clean’’ 


It’s refined from Pure Pennsylvania Crude to properly 
lubricate an automobile engine—it does it—and renders 
the engine 100% efficient. What more can an oil do? 
It has proved itself, thousands of users attest its superiority, 
and one trial will convince the most skeptical. Ask your 
dealer. If he does not handle it, write us. We will 


either sell you direct or put you in touch with a dealer 


At least send for the book- 


who does sell “* Tiolene.” 
let—“The Oil That's 
Clean.""—It's not large, but 
it's interesting. Send now. 





TIONA OIL COMPANY 
BINGHAMTON NEW YORK 
1 limited territory open to jobbers and dealers 





1 and S gal. Cans _— P 
Tiolene in Steel Drums con- 


taining 33 and 54 gallons 
for use in the private garage. 
The cleanest, cheapest, han- 
diest way to handle your oil. 
Invisible faucet for drawing 
off the oil as needed. Con- 
venient in your motor boat 
house. Write to-day for 
prices. Look for the “Bull's 
Eye” Sign along the road. 
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The building of this car with 1200 fewer parts, has {y 
been supervised by Capt. William Mitchell Lewis, |} 
pioneer in the automobile field, collaborating with |} 
"| 
M. Rene Petard, celebrated French engineer. Into the iA 
- 
. 3 “Vr : 
LEWIS 
Monarch of the Sixes i 
. 
has been built the experience-bought knowledge of twelve years | 
of automobile construction. Read the specifications and see ' 
how much value can be built into an automobile to sell at $1600. " 
. 
TX. PECIF TION 1 
Gear Shifting algae teehee . ' 
+s 135-in. wheel base and 56-in. underslung rear springs, " 
by Flectricity easy riding and comfort on country roads. Six-cylinder Ha} 
When your Lewis Six is motor develops more horsepower to the cubic inch than || 
equipped with the Magnenc any other automobile engine on the market. Reserve | m| 
Gees uit, you — drive # = gasoline supply — Stewart vacuum feed—Remy starter ih 
on selaniah on dunes of Stromberg new type carburetor — Stanweld rims | 
gears. The Magnets Gear Power tire pump— One-man silk mohair top —Tread in| 
Ct panubactared by the 56 inches, tires 36 x4 — Crown fenders and integral | 
oun. Pbvaiee, ¢ cast aluminum windshield bracket and instrument m | 
equipment at § 0 extra board — a car of “class” from radiator to tail- light. (a 
Let us have your name and address and we in 
will tell you where you can see and ride in a " 
Lewis “VI,” also send you the Lewis catalog. ih) 
| 
. 
LEWIS ° ° i 
L. P.C. Motor Co., 75 six? Racine, Wis. | 
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ent high development of American ma 
chine tools is directly traceable to the 
automobile. American automobiles in 


vaded European markets even in time of 


peace and proved to be a serious com 
petitor, especially the lower-priced cars, 
and now our motor trucks are pouring 
into war-torn Europe 

A report just issued by the United 


States Department of Agriculture on the 
registrations and revenues 

that have 1,660,984 
service and 44,355 motor 
21,255 manufacturers’ 


motor vehicle 
1914, 
automobiles in 
trucks. There are 
and dealers’ licenses and 427,179 owners’ | 


for shows we 


and chauffeurs’ licenses. | 
Transportation on Land and Sea 
526.) 


(Concluded from nage : 


Considerably billion 
have been carried on this system, through 


over a passengers 
a continuous stretch of years, without the 
loss of a single life. 


Development of the Steam and the Electric 
Locomotive. 

The purpose of the present article is to 
trace the principal improvements in the 
steam locomotive during the past seventy 
years, and follow this with a brief account 


of what has been done in applying elec 
trification to steam railroads 

Beginning with the year 1845, we note 
that the locomotive engine had _ then 
reached a high degree of efficiency, but 
was still far from being an economical 
power plant We shall, therefore, find 
that during the period under notice the 


the loco- 
its 


efforts of engineers were to make 


motive efficient by increasing 
hauling capacity and reducing the cost of 
fuel Progress has thus 


been 


more 


and maintenance. 
studying the details of} 
less perfect 
cut-off, 
mechanical 


attained by 


feed-water heating, more or 


combustion, variable steam com 


wounding, superheating, and 
I 


stoking; for, as life is made up of details, 
so is the ‘ocomotive engine. 


Fig. 1 shows a typical locomotive of| 


seventy years ago. It was a wood-burning 
Rogers engine weighing about 18 tons and 
was built for the Morris & Essex Rail-| 
road, now a part of the Lackawanna Rail-| 
road system. It had a peculiar double 
valve gear with independent cut-off, by 
which the lap of the valves could be 
| varied at will, with the object of econo 
| mizing steam: but the design was soon 
abandoned and the Stephenson link mo 
tion was adopted. For about fifty years 


| 


this valve gear was in general use, but the 
increasing size of the engines involved a 
the of 


so 


proportionate increase in weight 
the double eccentrics and heavy 
that at high speeds the friction and re- 
sistance A further objec- 
tion was that the link connecting the two 
eccentrics, through wide 
caused the block to slip in the link, pro- 
lost For 
it 


become a desirable valve gear. 


links, 


were enormous. 


moving angles, 


ducing distorted and motions. 


these and other reasons, has ceased to 


About fifteen years ago the Walschaerts 


came into use in the United States. 


gear 


This motion, while retaining the link, dis- 


pensed with one eccentric, and could be 
placed outside the frames, giving easy ac- 
cess to the parts. Also, the link being 
pivoted to a fixed center, there is not so 


much slip and lost motion as in the Ste 


phenson gear. An exhaustive article on 
this valve motion will be found in the 
SCIENTIFIC AMERICAN SUPPLEMENT of 
March 27th, 1909 

In recent years some improved valve 
|}gears have been introduced to still fur 
ther remedy the evils of radial motion 
Two examples are illustrated herewith 
Fig. 5 shows the Baker valve motion, 
which dispenses with links and sliding 


blocks, and substitutes a bell crank lever, 
The 


cross-head 


a radius bar and a yoke. movement 
the 

eccentric The 
the valve the amount of the lap and lead 
each the eccentric crank 
the The op 
eration gives a quick opening of the port 


derived from and the 


is 


crank cross-head moves 


way, and gives 


remainder of the movement. 
the valve, and an increased pre-admis 
the cut-off 
advantage in high speeds 

4 illustrates the Southern 


by 


sion as is shortened—a great | 


Fig. locomo 
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tive valve gear. In this design there is g 
link, but it is bolted rigidly to the engine 
frame and is stationary. There is thus no 
slip of the block, as it only moves in the 
link when the reversing lever is shifted 
to vary the cut-off or reverse the engine. 
Cross-head connections are eliminated, the 
valve being derived from the 
eccentric rod and a bell crank. This mo- 


movement 


tion also gives a quick port opening by 


the valve. These new valve gears have 
merit, and are coming into extensive use, 

Economy of fuel and water have been 
studied by the leading engineers of the 


world, among them being Joseph Beattie, 


| late locomotive superintendent of the Lon- 


don & Southwestern Railway (England). 
In 1856 he built a remarkable locomotive, 
which is illustrated in Fig. 3. This engine 
weighed about 25 tons and hauled some 
of the fastest express trains at that time. 
The upright cylinder in front of the 
smokestack was a_ feed-water heater, 
which the exhaust steam was 
where it came in contact with 
water from a _ circulating pump. This 
water was thus heated to near the boiling 
point, and what was not immediately re- 
quired for the boiler feed was forced back, 
along with the condensed steam, into the 
tender, heating the water there. A _ por- 
tion of this water was intercepted by the 
boiler feed pump and forced through a 
surcharging chamber in the smoke box, 
which its temperature the 
boiling point before it entered the boiler. 
The fire box was divided transversely into 
inclined water 


through 


passed, 


raised above 


two compartments by an 


space, each compartment having its own 
fire door, grate,and ash pan. The rear, and 
larger, compartment was arched with per- 
forated tiles, and a combustion chamber 
in the boiler was nearly filled with per- 
forated fire bricks. The gases from the 
rear furnace thus passed through the tile 
bridge, over the hot fire in the front fur- 
nace, and there ignited, passing through 
the bricks in the combustion chamber, and 
thence through the flues. The writer has 
seen these engines at work. They burned 
bituminous coal and consumed their 
smoke perfectly, showing a fuel economy 
of over 15 per cent. 

During the period under notice, much 
attention was given to balancing the re 


ciprocating parts of locomotives. Many 
designs were brought out, but only one 


can be noticed here, and is illustrated in 
Fig. 2. This was a four-cylinder balanced 
engine, the cranks being oppositely dis- 
posed. It was designed by John Haswell, a 
British engineer, and was built in 1861 
for the Austrian State- Railways. This 
engine weighed 34 tons and ran 
with remarkable steadiness. Although it 
was a simple engine, it was the precursor 
of the modern four-cylinder balanced loco- 
motive; but before this latter engine came 
into the field, a number of two- and three- 
engines were tried. 
until the time came 
the size of the low-pressure 
cylinders made them large for the 
clearance limits of platforms, bridges, and 
tunnels. Four-cylinder with 
all the cylinders outside the frames, were 


about 


eylinder compound 


These were efficient 
when great 


too 
compounds, 


subject to the same limits; and so, about 
fifteen this of 
having a different arrangement of cylin- 
notable example 


years ago, class engine, 


ders, into use. A 


of this design is a French express locomo- 


came 


tive, which began service on the Chemin 
de Fer du Nord five years ago. It hauls 
some of the fastest trains in the world 
and, with the tender, weighs 158% tons. 
The cranks are balanced, with the high- 
pressure cylinders outside and the low- 
pressure cylinders inside the frames. The 


steam is superheated and the fuel is fed 
I mechanical stoker. This fine engine 
was illustrated in the Screntiric AMERI- 
cAN Of December 16th, 1911. 
Another class of compound 
has all the cylinders outside the frames. 
This system is a feature of the Mallet en- 
gine, which came in about the year 1SSS. 


ya 


locomotive 


The latest example is illustrated in Fig. 
7, which shows the heaviest and most 
powerful locomotive in the world. It has 


|three pairs of cylinders, one pair being 


The total weight of the 
This 


Rail 


under the tender. 
engine and the tender is 426% tons 
working on the Erie 


locomotive is 
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Tf tt isn’t an Eastman, tt isn’t a Kodak. 


‘The No.1 Autographic 
KODAK, Spectal 






nt et CAE SR Pik eR SD Bl, Pr es ay 
‘ 


ee 


Small enough to go in your 
pocket—conventently. 


pos . pritiowrts 


Good enough to do any 
work that any hand camera 
will do—satisfactorily. 


Ce te nites AAS SiR ETTET 


‘ 
i 





SPEED. The Shutter has a speed of 1/300 of a second and slower controllable 
speeds to one second—also has the time and bulb actions, and is /arge enough to give 


the full benefit of the anastigmat lenses with which the camera is listed. 


QUALITY. All the way through the No. 1 Autographic Kodak Specia/ has that 


mechanical precision, that nicety of adjustment and finish that gives the distinction of “class”. 


: 
: 


SIZE. The pictures are 2 x 34 inches; the camera measures but 13% x 33 Ex 
65% inches, in spite of the fact that its equipment provides for anastigmat lenses of the 


highest speed. 


AUTOGRAPHIC, It is “autographic’, of course. All the folding Kodaks now 
are. You can date and title the negative easily and permanently at the time you 
make the exposure. 

SIMPLICITY. Effective as it is, the Kodak Idea, Simplicity, has not for one 
moment been lost sight of, there are no complications. The No. 1 Autographic 


Kodak, Specia/, has the refinements that appeal to the expert—to the beginner it 


offers no confusing technicalities. 


THE PRICE. 


No. 1 Autographic Kodak Specia/, with Zeiss-Kodak Anastigmat lens, 46.3, . - $45.00 
Do., with Cooke Kodak Anastigmat lens, £.6.3, - « - - - - - - 36.00 
Do., with Zeiss-Tessar, Series 1c lens, 44,5, ~ - - - - - - - 56.00 


All Kodak Dealers’. 


EASTMAN KODAK COMPANY, ROCHESTER, N. Y., The Kodak City. 
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Truck Tires Free 


Unless the 1915 Goodyear S-V 
Outwears Any Other 


Here is ar, offer which Truck users cannot 
afford to neglect. It will settle for you, with- 
out any risk, the entire Truck Tire question. 

Kor three months—April, May and June— 
this amazing warrant goes with every S-V Truck 
Tire put on under these conditions 





Every Penny Back 


Equip opposite wheels, at the same time, 
one with a Goodyear S-V, one with any 
other standard make tire of like rated size, 
bought in the open market. 


If the Goodyear S-V fails to cost less per 
mile than the other, we will return you its 
full purchase price, making the S-V free. 











Mark that—no partial rebate, no mileage 
adjustment, no replacement. The tire that 
fails :s FREE. Get this guarantee in writing 
when you buy the tires. 


Never Such a Warrant 


We built 29 
arriving at this one 


We built 74 


Never before before 
rant he 


tir li 
tire I 


has such a war lem types 


en given on any class of 


widely accepted, it means models of this 





with us a million-dollar stake S-V type before we attained 
It is given without reservation this perfection 
wainst anv tire in the held It We vive you mn it, as com- 
overs accidents as well as wear pared with others, 20 per cent 
more available tread rubber. 
Nurmerou make! clan ( Phe shane ends bulg ig 
build tire good the Good reaking or excessive grind 
ear S-\ Let us stop arguin lr} compound minimize 
in print and in person Let u friction 
compa them The tire ean’t 
on opposite [fo an creep, as we 
wheels. We have (ad press if on at 
done that : D * M R a minimum of 
. ed rae (j;00 YEA ~omncy pounds 
: t can epa 
every condition S-V Truck Tires | rate, for thi 
Over 5,000 S-\ Re See | read. the back 
ires were tested ng and the rim 
ut on trucks before we made ire welded jtato lasting umon 
thi f We know to a cei 
taint the result you get Go to a Goodyear Distributor 
barrit vecident or ask our local branch wher 
you can get this warrant on th« 
Wi ve VOrKE ) eight latest S-V_ tire Accept it while 
years on ft lruck Tire prob the offer lasts 


THE GOODYEAR TIRE & RUBBER CO., Desk 132, Akron, O. 
Make 
We Make Demountable, Block, Cushion, Pneumatic and Other Types of Truck Tires 


2374) 


> Goodyear Automobile Tires 


road and was fully described in the Scien 


considered practi 


of con 
perfect 


now 


cenlly cumbustion with absence of 


obtained. This new 
for a 


for 


smoke has thus been 


system should open the way marked 


reduction in expenditures fuel on 


railways 


Electrifying Steam Railroads. 


It was inevitable, in view of the success 
that 


applied to 


of the trolley car, electric traction 


should ultimately be steam rail 


14)-ton electric locomotives 


attempt, at the time it was inaugurated, to 


apply electric traction on a large scale to 


a great railroad system was the electrifi 


of road electrified, G06 miles of track, in 


clusive of vards and sidings, the 


operated by 100 electrie locomotives 


being 


The progress of the electrification of 
steam roads throughout the world is 
how in the table from a bulletin of 
the United States Census Bureau of 1912, 
hich is pubtished herewith The latest 
direct-current locomotive used on the New 


York Central in express passenger service, 


which is an imprevement upon the one 


speed of 
1.200-ton 


}shown in our illustration, has a 


60 miles an hour. drawing a 


is a special type of under-running third 


























rail, 
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’ STEAM RAILROAD ELECTRIFICATION.* 


ripic AMERICAN of June 13th, 1914. It has Principal Main Line Electrification in 
a feed-water heater, a fire brick arch, a Service 
superheater and a mechanical stoker 





These last two improvements have done Name of Railroad 
more than any others to increase the ef 
ficiency and output of the steam locomo-| New York, New Haven & Hart 
tive, thereby helping it to retain its place ford 8S 500 100 
in successful competition with the electric Spokane & Inland Empir 168 187 12 
P ; vli Butte Anaconda & Pacific 27 on 17 
tor 4 S phe: ov » ste: . : 
motor \ uperheating the team, ¢ a French Southern 165 205 16 
der condensation is reduced, and the in-| paden Stat 10 31 34 
creased volume of superheated steam re-| Prussian Stat 19 50418 
sults in more work being performed. with | [Han Stat 104 156 94 
, S 1 t St. Polten-Mariazell 63 68 14 
Si > in ) ater f rhe: rig 
the same quantity of wate uperheatin aiiien Mackin 16 ‘2 - 
is not new About the year 1859 some) Bernese Alps 5Y 5h 16 
British-built locomotives worked success- “ ws 
Principal Terminal or Passenger Service 
fully with smoke-box superheaters Electrificationsa in Serrice 
In the matter of coal consumption, New York Central Do) 240 47 
P . > onnsy] : 5 7. on 
when we consider that the fireman of a| Pe™sylvania 1: ‘2 35 
: : ' li Long Island 100) «ha 
modern locomotive has to shovel coal into West Jemey & Genchece 75 190 
the fire box at the rate of about 6,000) New York, Westchester & Bos 
pounds an hour, or 100 pounds per min ton 19 + 63 
ute, it ix evident that on the largest loco-| Southern Pacific oo 100 
} sale . : ; ‘ T) Metropolitan Railway, London 35 70 20 
motives hand firing is impractica coal | te ea cieeten & oath 
Erie engine (Fig. 7) is equipped with a Coast 60 160 
Street mechanical stoker, which is illus-| Paris-Orleans 14 46 11 
s . 7 hb Por his ort = 
trated in Fig. 6. It consists essentially of Hamburg Ohisdorf % 41 
a screw conveyor for passing coal from Vain Line Electrification to be Completed 
the tender to the locomotive, an elevator rl . in 1915 and 1915 
pi - , P . Norfolk & Western 30 85 25 
for raising it to a point above the fire OTL EN a on 90 
door, a system for regulating its delivery | Canadian Pacific aD 43 4 
to the fire box, and a distributing system | Chicago Milwaukee & Puget 
for spreading it over the grate. Over six Sound 113 168 14 
’ Northeastern, England IS 44 10 
hundred of these stokers are now in sue eitan nein 93 100 20 
cessful use, increasing the earning power! Swedish State 0 93 12 
of the locomotive from 10 to 20 per cent Prussian State S1 124 44 
In the vear ended June 30th, 1914, the Vienna Pressburg - ww 16 
: : ‘ Italian State 32 60 8 
steam railways of the United States spent 
over $250.000,000 for locomotive fuel: and U. S. Census of 1912 
the cost of fuel is increasing. Experi The electrification of the New York, New 
nents conducted during the past year, Haven & Hartford Railroad has been com 
have demonstrated that pulverized coal is pleted through to New Haven, covering a 
the coming fuel: for, even with low grades | distance, including the New York Central 
useless Line, Woodlawn to New York, of about 


75 miles. The passenger service is oper 


means of 100-ton locomotives, 
rated at 1,000 continuous horse 


For light trains a single loeo- 


ated by 

which are 
power each 
motive is used, and two for through heavy 
express trains, which, together, in hauling 
i train at 60 miles per hour, develop 
1.500 


such i 
track about horse-power. 


13.500-volt 


on level 


Alternating current is devel 


oped and transmitted through an overhead 


roads. The first main line steam railroad line. his line has also in operation a 
in this country to make use of srectene very successful freight service, the engine 
traction was the Baltimore & Ohio Rail oe which weighs 110 tons, and is capable 
road. which as far back as 1895. built of developing momentarily a tractive ef- 


some powerful fort of 40,000 pounds and a continuous 
for hauling its trains through the selt effort of 12,000 pounds. These are geared 
Line tunnel at Baltimore. Following this locomotives of 1,400 horse-power each, de- 
|came the electrification of the Valtellina signed to haul a load of 1,500 tons in 
line in Italy By far the most ambitious iavousl: seveien ab 28 cilien an hock Ge 


of these locomotives coupled up can take 


care of a trailing tonnage averaging from 


2 500 to 3.000 tons 


eation of the terminal and suburban lines Thus far no comparative figures of cost 
on two of the most important railroads in of operation have been published by which 
\merica, namely, the New York Central to judge of the relative economic efficiency 
ind the New York, New Haven & Hart-| o¢ the direct and alternating systems as 
ford Railroads, Each of these is a four-| ty. indicated for steam road electrifica- 
track road and each handles an extremely tion The prevailing opinion is that the 
heavy service. Both installations were direct current is preferable for term‘nal 
forced upon th ie epee bs vant ind suburban service and the alternating 
action—the result of a serious collision IN| Goprent system for long-distance work. 
the tunnel leading into the Grand ie reining of the vdltase ta Siveskaue 
Central Terminal Station, New York.' vant service, however, has made the latter 
|The New York Central road is operated a strong competitor of the alternating cur- 
on the direct-current system, and that rent in long-distance through service 
of the New Haven Railroad by the 
alternating system. The New York Cen 
tral zene covers 52.5 miles of road. 255 Seventy Years of Civil Engineering 
miles of tract and employ 63 oco (Concluded from page 529.) 
motives The New York, New Haxen & Bristol, England, is a motto in Latin, which 
Hartford Company has over 100 miles translated would read, “It is ditticult to 


build ¢ through the air.” In an- 


other chapter of this issue we show how the 


t highway 


subsequent development of the steel indus- 


made it possible to build highways 
the a seale of magnitude 


There is a 


try 
through air on 
our fathers 
limit, the 
or at least to the length of the individual 
realized 


undreamed of by 


however, to length of bridges. 


span in bridges, and this was 
when it came to the question of providing 
communication 


drawn 


railroad 
Plans 


unbroken 
with New, York city. 
for a vast suspension bridge with a span 


direct 
were 


\train. The complete weight of the loco-| of 3,200 feet between towers, and the west- 
|motive is 132 tons, the drawbar pull is|ern railroads centering in Jersey City, 
166,000 pounds. The working conductor| headed by the Pennsylvania, were dis- 


cussing the advisability of building this 


|bridge when the development of electric 


saree? 
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More than 10,000 
Eight-Cylinder Cadillacs 


are now in the hands of users 





HUB CAP 
OF THE CADILLAC 


EIGHT 








and dealers have placed 


orders for 10,000 more 


ORE than ten thousand Cadillac “Eights” 


are now in the hands of users. 


Dealers can see a demand ahead so great that 
they have placed orders for ten thousand more. 
Figures so large—involving a sum of money so 
vast—-point irresistibly to one conclusion. 


The conclusion is that the usual large Cadillac 
clientele has been enormously augmented by 


this Cadillac “Eight.” 


The demand is not merely the normal Cadillac 
growth, but it is the opening up of the new spheres 
of influence, and an inrush of new Cadillac 
admirers and enthusiasts. 


It has assumed the proportions of a national 
movement, at least among those who own, or 
wish to own high grade cars. 


This excess over normal comes from many 
sources but it is chiefly made up: 


First, of the great number who are glad to pay 
more for the Cadillac because of the Cadillac 
“Eight” advantages, and 


Second, a very great number who are glad to 
pay less for the same excellent and satisfying 
reason. 


It is frequently said that no company, other 
than the Cadillac, could have won such immedi- 
ate and universal acceptance for any principle 
representing so wide a departure from conven- 
tional practice. 


And it would seem that there is verification of 
this in the attitude of the twoclasses of buyers 
just mentioned. 


Those who are willing to pay more, and those 
who are glad to pay less, accept the Cadillac 
“Eight” with equal eagerness—because of the 
performance of the car itself and because of the 
reputation of its maker for producing only that 
which it knows to be right. 


They are no more insistent on a “demonstra- 
tion” than old Cadillac owners—though it is only 
fair to say that a drive of but short duration 
immensely increases their enthusiasm. 


This latter experience arouses even the most 
phlegmatic and non-committal. 


The reports which they carry home, and to their 
clubs and to their places of business, largely 


explain why Cadillac dealers have ordered ten 
thousand more of these cars. 


Has the full wonder of this demand been borne 


in upon you? 


Have you thought of it in the light of the fact 
that the Cadillac is not a “low-priced’’ car,—as 
the term is commonly used? 


The huge volume attained by cars of low price is 
a wonderful thing in itself—a sort of economic 
phenomenon. 


But is it not much more wonderful that a high 
grade car should command such a market as 
this Eight-Cylinder Cadillac has won? 


There is no other situation at all like it in the 
automobile industry. 


It is not merely a figure of speech to say that the 
Cadillac “‘Eight”’ stands alone. 


It does stand alone—absolutely and unapproach- 
ably alone—in point of performance. 


It likewise stands alone in point of demand and 
of sales among high grade cars. 


And, of course, it would not be so, if it ought not 
be so. 


As you ascend in the scale of prices, the number 
of those able to purchase grows fewer. 


If the Cadillac “Ejight’’ had not preserved every 
Cadillac tradition and added new and potent 
powers of attraction—this great market would 
simply not be here. 


There would not be and could not be the marked 
disparity in volume hetween the Cadillac 
“Eight” and those immediately above and below 
it in price. 


It is a sort of a re-adjustment of the national 
view-point—a_ re-alignment of buyers——-some 
leaving one field, and some leaving another, and 
most of them concentrating on the Cadillac 


Thus far we have found no one who has ridden 
in the Cadillac “Eight’” who does not say that 
this is precisely as it should be. 


With the Eight-Cylinder Cadillac performing in 
ways distinctly its own, performing in ways 
which have heretofore been believed impossible 
in any car, there is nothing strange in the fact 
that dealers recognize that the visible demand 
is not yet half satished. 


Styles and Prices 


Standard Seven passenger car, Five passenger Salon and Roadster, $ 
Landaulet Coupe, $2500 Five passenger Sedan, $2800. Seven passenge 
Limousine, $3450 Prices F. O. B. Detroit 
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J-M 
Transite 
Asbestos 
Shingles 
Fire and 
er-proof, | 


Gaaty Resting The practical application of this principle to you and 
her-proof, 

setects against to your J-M Roof is provided in a new feature of 
a Needs ne coat our service known as 

ing. Unequalled on 


wood sheathing and 


for all dog 


Firti cost only cost 


J-M Asbestos 


Built-up 


A mon 


@ructure, permanei.', 
end Protects againe? 


bre. Light 


smooth sucteced, pet 


fectly clean 
paint 


J-MR 
Ready R 
Beet of 
Type” reac 
ings «Exec 
general root 


Birmingharn 


Boston 


Loghter 
Mottled 
, Gray 


Red highly arteetic 
J-M Asbestos 


T i 
The mmpensh 


able Bat root 
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J-M Reoporsibility doesn't wait 








for a "kick", but looks uy; ur 














seo it's right 


AG eA hw 


Green Bay, 


roof to 
Vis. 


has Green 


shows that 
says about 


sMPROOFING 
Responsibility 


J-M Responsibility is a Johns-Man- 
ville business principle. 


< tractor put on in 


folks 


believe 














weath 
ast for 
than 


















Indian 





rocks 
i 


° >» 

-M Root Kegistration 
When you register your J-M Roof with us you say: 
*‘Here is my roof; look after itfor me.” We can 
and will—do just exactly that; for there are enough 
of us todoit. We the « 
You do your part when you take J-M Roofings on 
word that they are the best and most economical 


Koofing 


lithic 


cover ontinent 
weseht, 
ceeds no our 


roofings you can buy. 


















Our part is to see that J-M Roofings give 
ene! tion-—that they give the Full Ser >t rive 
i 

wr. Register your J-M Roof with us 
- oe backed up by financial stability al 
i -- character will assure you perma : 
ent of 
img pur J-M Asbestos Roofings are examined and approved 

by Underwriters’ Laboratories under the direction 


of the National Board of Fire Underwriters. 


Write us about the building you wish to roof. Our roofing 
experience goes back fifty years, on all kinds of buildings 
and we can advise you to your advantage. We will also 


f value 





send you Ro 


H. W. JOHNS-MANVILLE Co. 


fing Literature 








Dayton Houghwn Louisville New Orleans f« Seattle 
Ch Denver Houston Memphis New York 8 use 
Detroit Indianapolis Milwaukee Omaha Toledo 
Duluth Kansas City Minneapolis Philadelphia Washington 
Columbus Galveston Laos Angeles Newark Pittsburg Salt Lake City Wilkes- barre 
Daitias San Francisco Youngstown 
| CANADIAN H, W. JOHNS-MANVILLE CO., LTD., Toronto, Winnipez, Montreal, Vancouver 5 





GRAFLEX CAMERAS) 








With the Graflex Camera scan make ¢ xposures 
of any dur n from “tme™ to 1-1000 of a 
second You see the image on the focusing screen, 
right side up, the size it will appear in the finshed 
print, up to the instant of ex 

Our 64-prge illustrated catalog tell» why th ‘ hon 


camera lor + 


second The negative had plenty of ex 
posure, and the shutter oper ated fast enough 
to prevent the movement of the children 
n spoiling the picture 
| | 
| 
smera equals the Graflex for high | —t Sg 


utomobile and biplane were going at a | 
fugh rat { speed This made ut 

ry to set the shutter at 1-1000 of 

i to t a picture that was clear and | 


You can make snapshots indoors if you use 
This picture was made 


1-35 of a 


a Graflex Camera. 


indoors with the shutter set at 


raphy In this preture both | 















Phot 
hace 


are not equipped with a Graflex Camera 


wraphs in the deep woods or in the 


ofler many difhculues to those who 
With the Graflex you can make pictures 
under hight conditions that make photog 
raphy umpossible with cameras of the usual 


type 


DIVISION 


ywreny 


YORK 


FPOLMER & SCHWING 


ROCHESTER, NEW 








The number of J-M Roofs this con- 
Bay 
what he 


traction, 
and cinders, pointed to a new way of solv 


ing the problem, namely, by electrically 
operated tunnels. The bridge was dis 
carded, at least for the time being, and 


the Pennsylvania Railroad built two main 


line tunnels under the North River and 
the Hudson & dJianhattan Railway Com 
pany burrowed beneath the same great 
watetway with its four separate tunnels. 


The Pennsylvania crossed the East River 


with four tunnels and the New York sub- 
way drove beneath the same river with 
its two tubes connecting its system with 


Brooklyn 
If these great works were rendered op- 
successful by the development 


they 


eratively 
were rendered 
the 


this, of 


of electric traction, 


constructionally possible by develop 


ment, many a decade before an 
ingenious excavating device known as the 
Greathead shield, the credit for the devel- 
opment of which should be divided among 
| several inventors. 

The fundamental difficulty 
|tunnel beneath an estuary or river, and 
therefore through material which is more 
fluid, the fact that 


taken for preventing the inflow 


in driving a 


or less lies in means 
}must be 


of the material to the heading of the tun- 


nel while it is open for excavation work. 
|The use of pneumatic pressure, together 
with a shield of the general cross-section 


if the tunnel provided with a cutting edge, 
Credit for the incep 
that many 
French-English 
He 
tunneling shield in 


solved the problem 
tion of this method 
and brilliant 
Sir M. I 
for a 


goes to 
sided engi 
neer, Brunel secured his 
first 
aqueous 
building the first tunnel under the Thames 
Brunel's — shield 
Peter W 


low, an English engineer, patented in Eng 


patent sub 


material in 1818 and used it in 


London. was 


but in 


River, 


rectangular ; 165 Bar 


land a method which employed a circular 


shield with a cast-iron lining of the com 


pleted tunnel back of the shield. Four 
years later he was associated with another 
English engineer, James Henry Great 


head, in building a tunnel under the Tower 


of London, 1,350 feet long and 7 feet in 
diameter, which was completed in less 
than a year, a remarkable record at that 
time for work of this character. In 1869 


Alfred Ely Beach patented a method of 
using hydraulic rams abutting against the 
lining of the completed tunnel for pushing 
the forward into the undisturbed 
material. <A later and most important de- 


that 


shield 


velopment of subaqueous work was 
used in the completion of the downtown 
the Terminal 
was the method by 
instead of permitting the material 
to enter the tube the shield for 
removal through its approaches, the shield 


the fluid 


tunnels of Hudson tubes. 
This 


which, 


displacement 
through 


was pushed bodily forward, ma 


terial flowing around the tube as it pro 
gressed. 

The general public is so thoroughly fa 
the features of 


work 


miliar with engineering 


the subway which is being carried 


with its absence of smoke, steam!sand at 


on in its midst that it calls for no detailed | 


The excavation is now 


cut-and-cover 


description here. 


usually done by work, in 
which the street pavement is replaced by 


timber roofing supported on heavy timber- 


ing, over which the street traffic passes 
while the work of excavation is carried 
on below. In the earlier subways, the 
roof was supported on steel columns and 
steel floor beams, arches being thrown in 
between the floor beams. The latest 


method is to make the tunnel lining of 


monolithic reinforced concrete—a cheaper 


and more rapid method of construction. 
Foundation Work and the “ Skyscraper.” 


method of building founda- 


loose material, or in 


The deep 
tions in 


rial as is water-bearing, by means of the 


such mate 


pneumatic caisson was well established 
by the year 1845. Credit for the first use 
of pneumatic pressure in building foun 


dations is given to Smeaton by that great 
work, Ludwig Darmstaedter’s “Chronolog 
Handbook of Natural Science and 
Technology.” This author states that in 
1778 Smeaton sank the foundations for a 


ica 


bridge at Hexam, Northumberland, by the 
use of compressed air. In 1849 the French 
‘engineer, Triger, made use of the pneu- 
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Chalonnes, France. A method 


used successfully in sinking foundations 


in the bed of rivers is that of the open 


cofferdam, a notable instance of 
the 


for the Hawkesbury 


which 
the foundations 


Bridge 


was construction of 
in Australia, 
which was built by American engineers. 
In this method, the excavation is done by 
means of dredges, generally of the clam 
shell the 


within the shell and thereby cause it to 


type, which excavate materia] 


settle to the desired level. The most im 
portant use of the pneumatic caisson in 
the period from 1SS0 to 1890 was the eon 
the for the 
Bridge. The cylinders were 


struction of massive piers 
Forth River 
built with a double shell and provided 
with a massive cutting edge at the perim- 
eter of the outer shell. At a suitable dis- 
tance above the bottom, a strong, heavily- 
trussed steel roof was provided, and from 
this shafts provided with air locks led to 
the surface, of them being used for 
the entrance and exit of the working crew, 
the other for the unloading of the exen- 
vated rock and other material. 

The extensive use of 
caissons has occurred in the city of New 
York, in preparing the foundations of 
some of the tallest buildings in the world 


one 


most pneumatic 


Manhattan Island consists mainly of 
gneiss rock of very irregular contour. 
overlaid with river sand; the depth to 


rock varying from a few feet to two hun- 
dred feet and With the introdue- 
tion of the skeleton-steel frame building. 
the weight of the superstructure was con- 
detined 


over. 


centrated at certain 
the 


In preparing 


points over 
the 
foundations, 


whole area covered by building. 


the 
caissons are sunk through 


pneumatie 
steel the sand 
to a bearing upon solid rock, the caissons 
being filled subsequently with conerete up 


to the level of the footing of the steel col- 


umns. The building laws allow a maxt- 
mum load of 15 tons per square foot, and 
upon this loading it has been possible, 


without exceeding the limit, to erect build- 
ings to unprecedented height. The 
ern steel building, especially in the later 
types, is absolutely fireproof, the columns. 
the beams all the 
structural work being incased in 
cotta or some other fire-resisting materia! 
The interior partitions 
are carried by the steel framework, and 


mod 


floor and main steel 


terra 
outer walls and 
this has made it possible to avoid the ac- 
cumulation of pressure and 
thickening of the lower walls, which were 
unavoidable in the tall buildings that pre- 
ceded the age of steel construction. Had 
been for the the 
the towering office buildings of 


consequent 


it not introduction of 
elevator, 
the present day would have been imprac- 
ticable, but with their introduction and 
subsequent improvement, and notably be- 
cause of the high speed at which they are 
run, there is no limit, so far as accessi- 
bility is concerned, to the height to which 
skeleton-steel buildings be carried. 
The loftiest of this kind 
in the world are the tower of the Metro- 
politan Life Building, which is 700 feet in 
height, and the 7S85-foot tower of the 
Woolworth Building, which is the highest 
office building in the world, and the high- 


est structure of any kind with the excep- 


may 


two structures 


tion of the Eiffel Tower. The future 
| limitations of tall buildings will be due to 
legal restriction rather than to any in- 


herent structural difficulties. Some years 
the Screntiric AMERICAN requested 
an engineer to prepare plans, showing to 
what height a building might be carried 
without exceeding the unit pressure of 15 
tons per square foot, and it was found 
that, on a base 200 feet square, it would 
be possible to erect a structure that was 
2,000 feet high, and that this building 
would be perfectly safe in the heaviest 
tornadoes that might blow against it. 


ago 


The Invention and Development of 
Photography 


(Concluded from page 530.) 


solution of bichromate of potash darkened 
when exposed to light. 

The next was the discovery that gela- 
‘tine, gum and other bodies were rendered 
| wholly insoluble when exposed to light in 


|}matie caisson for driving through river! combination with bichromate of potash. 
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1—A 5-ton G. V. Electric built 1901. 
Double motor pinion drive Note the 
overhang in front and the relatively crude 


steering mec hanism 


rt 





2—A 5-ton G. V. Electric built 1912 
Single motor chain drive. Contrast this 
with the truck above 





egltV272 710 





3—G. V. Electric built 1902. Double 
motor pinion drive. Plain bearings. Right 
side lever steering. Mileage per charge 25 











a G. V Electric built 1907 Single 
motor chain drive. Steering wheel in cen- 
tre, roller bearings. Mileage per charge 40 
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5—G. V. Electric built 1914. Single 
motor worm drive. Long wheel base, steer- 
ing wheel at left. Battery under hood 
Two sets of brakes. interlocking safety devices 
Mileage per charge 45-65 
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6— Modern 5-ton G.V. Electric brew- 
ery truck. This brewer has gradually added 
to his G. V. fleet until to-day he has 126. 
He started in 1903, 












THE 
G.V. ELECTRIC TRUCK 


HE “Scientific American’ has recorded no more 

interesting phase of industrial progress than the 
growth of Motor Transportation. A decade or so has 
seen the city truck horse superseded by a trackless ma- 
chine. A few years have modified our entire system of 
handling merchandise, at least in the larger cities. 


And in this march of progress, in this inevitable working of 
economic law, the Electric Truck—and especially the G. V. 
Electric truck—has had an important part. It was the pioneer— 
the first motor competitor of the city horse. 


A glance at the illustrations will show, in part, the evolution of the G. V. 
Electric. It was a trucking factor before the two cylinder automobile was 
efficient. In spite of the limitations of early design and power plant—in spite 
of prejudice and competition—it has steadily forged ahead. Today there are 
nearly 2,000 General Vehicle Electrics in daily service in New York City alone. 
This is more than 25°, of all trucks employed in the city. G. V. Electrics are 
operating in 42 of the 48 states and 9 foreign countries. 


A Growing Confidence in Electric Delivery 


trouble hcs been that some business 
demonstrated its long-lived efficiency men ha veignored the Electric and paid 
now that it is better understood an unnecessary premium on other 
there is a growing confidence in the || forms of delivery inthe Electric’s field. 
Electric method—-yes—the Electric | - 7 : ; 
principle—of trucking and delivery. | Twerty-five (25) big city firms 
The more efficient motor trucking | already use I,| 16 G. V. Electrics. 
becomes the more Electric trucks will || This shows the logical preponderance 
be used in their field. And this field | of the high grade Electric in the city. 
takes in fully 80°% of all average city Other firms are systematizing their 
work. This is being recognized and | delivery service and giving the horse, 
shrewd men are profiting thereby. | the Electric truck and the Gascline 
A | truck each their economic place. The 
scientific application of motor trucking 
to his business should be studied by 
every business man and in that study 
we can help. And this is why: 


Now that the Electric truck has 


The Electric is not a competitor 
of the Gasoline truck. Both have 
their economical fields in which they 
are fundamentally superior. The 


The Complete G. V. Line Includes 
All Types of Motor Trucks 


Engineering counsel and co-operation can best be supplied by the strong, 
experienced manufacturer of motor trucks. The General Vehicle Company has 
developed a complete line of commercial motor vehicles. \t builds gasoline 
trucks as well as electric trucks, industrial (or internal service) trucks, as well as 
road trucks. It has even supplied gas-electric trucks for special purposes. 
Six Electric models ranging from !,000 to 10,000 pounds are provided and both 
worm and chain drive are available in the lightest types. Patrol wagons, 
street sprinklers, ambulances, power-dumping bodies, trucks equipped with 
winches and hoists, street cleaning tractors, trailers and many other types are 
provided. The [Industrial Division, supplies Electric industrial trucks (as illus- 
trated), industrial tractors, including “Electric mules” ivr the lumber trams, 
crane trucks and s‘milar apparatus. No other manufacturer is in a position 
to so well serve the varied needs of the truck buyer as the long established 
General Vehicle Company. 


We are prepared to impartially fit the right vehicle to the exact need. To 
supplement the Electric truck with the gas truck or to displace the hand truck. 
Specific adaptability is our watchword. This is why you can bring your trucking 
and delivery problem to us with every assurance of practical co-operation and 
help. 


Catalogue 101! contains fascinating figures on ready-to-your-hand returns 
on improved delivery. Why not write for it? 


General Vehicle Company, Inc. 


General Office and Factory 


Long Island City, New York 


PHILADELPHIA 





NEW YORK CHICAGO BOSTON 





7—5-ton G. V. Mercedes (gasoline 
Truck. The United Dressed Beef Co. op~ 
erate 28 G. V. Trucks; 25 Electric and 3 
Gas. The latter for the long fast hauls 
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~somame| 

8—A Modern 5-ton G. V. Electric 
with winch This winch is fed from 
the same battery which drives the truck 


Very efficient 






9—5-ton G.V. Electric ice truck. One 
customer uses three with dump bodies for moving 
crushed ice. We have been very sucecestul in the 
oal hauling problem also 





Trucks. Hundreds of th re demonstratin 
the manufacturer, the railroad and the ot Li 
company that the hand truck, like th 

is becoming obsolete These Electri ete 
frequently displace 15 men each 








11 G Vv Electric worm drive patrol 
wagon Practical, efficient, economical 
Ample speed and mileage com pare it w ith 
the Lord & Taylor wagon 





42—G. V. Electri a4 : 


Tractor Very powerru and etticient 

le are t ing 12 oth for ity at the 
pres: ir Bring your problem te the General 
Vehicle Company 














j 


RATA HOO ARE 0 Cn RRA) LOAN Late Sae AEN TALE C0: EIT Be AIT 0 Se tt SO ee 


wo nase A DTM ia wees 


‘ 




















Answer *: Question ? 


Have you looked into the 








efficiency of the Counting, 








Weighing, Shipping, Handling, 





Trucking of your material? 








ATIONAL 
SYSTEM 


For if you have and you are not using 


You are Losing Money 
Every Day You Operate 


We will guarantee to prove this to you if you will 
let us go into the matter. Weare E ficiency Experts. 
It costs you not one penny unless we make you 
money, as we guarantee—50 to 90% saving. 


Write us today for 
Catalogue S 


NATIONAL SCALE COMPANY 


CHICOPEE FALLS, MASS. 
Manufacturers of 


National Chapman Elevating Trucks 
OVER THE WORLD 


National Counting Machines 
IN USE ALL 



































No Middle Step Here 


The who the 
concrete follow fast on the heels of the 
the Self-Sentering. No time 
forms-—temporary construction 


men are pouring 


men who lay 


and expense for 
is unnecessal’ry 


Se!f-Sentering 1s a combined centering and reinforcement 










Chink what cutting out forms would mean in the money 











| 
/ 
i and time cost of your proposed new building. But 
po 
f \ 
Sur 
SVAN INES 
A\Y 
Pat 
ine - [You'u Know It by Its Diamond Mesh] \ 
q 
\ 
cuts more than the cost of forms It rhtens construction ww 
With Self-Sentering your everlasting concrete roofs, curtain walls, par- 
| titions, etc., need be buttwo inches thick. Can be adapted to all shapes 
i and designs. You can have arched or flat floors. Gauge for gauge, 
' Self-Sentering has a greater sectional area than any other similar form. 
For required strength, Self-Sentering construction 1s, therefore, the 
} lightest 
, . . x? 
hy New ‘‘Fireproofing Handbook’’ FREE 
bj Lat tithe 12 page Full of details, test results and various types of construc- 
; } tion ul for it toda Phe last word in fireproof construction 
i rRADE MARK 
THE GENERAL FIREPROOFING CO. ee \ 
2102 Logan Avenue Youngstown, Ohio 
| Makers also of Herringbone, the Rigid Metal Lath Rez. US. Pat. Of 
| , WY 
| 
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| This observation was first made by Mr 
secquerel 
The next idea evolved was that gelatine 


made insoluble by light, might be made 
to imprison particles of coloring matter. 
| Where light acted, these would remain; 
| where it did not act they would wash out 
by reason of the insolubility of the por 
|} tion of the film in which they were con 
}tained. This was an important step and 


was made by Poitevin in 1855. The car- 


|bon process now used was invented and 
| patented in 1866 by J. W. Swan. 


| The Introduction of Dry Plates. 


as 


and 


Although dry plates were proposed 
1854 by France 
in England, J. M. Taupenot 
seems the first te in- 
| vented a practical dry plate. His process 
ecumbrous. It not until Major 
C. Russell introduced the alkaline devel- 
(i862), necessitated the 
ployment of silver bromide on the sensi 
that the dry 
}came workable by anyone 


learly as Gaudin in 


Muirhead 
to have 


been have 


was was 


| oper which em- 


tized glass, plate really be 
His dry plates 
are the forerunners of those we now em- 
| ploy in photography. 

Up to the time of W. B. Bolton 
B. J (1864) 
|fodide had been considered the staple of a 


sensitized film on which to take negatives 


and 


Sayre’s experiments silver 


It occurred to them to bring the sensitive 
of silver in collodion while liquid 
to form sensitive film by 
letting the collodion, containing the salts 
in suspension, over the plate 
Thus, the collodion emulsion process was 


| salts 


and a merely 


flow glass 


born—a process which revolutionized pho- 
tographic manipulations. M. Carey Lea 
of Philadelphia and W. Cooper, Jr., of 


Reading, placed the process on a commer 


cial basis by improvements which made} 
the plate more sensitive 

Since silver bromide emulsion could not 
be prepared in collodion, naturally experi 
menters began to cast about for collodion 
substitutes. The of Maddox 
(1871), King (1873), Burgess (1873), but 


|}above all the work of R. Kennett (1874) 


researches 


jand ©. Bennett (1878) resulted in the 
gelatine emulsion process of making dry 
plates 

| 

Development of the Photographic | 


Camera. 
The first photographie camera of which 


we have any account was simply a dark- 


lened room, the sunlight being reflected 
| through a window by means of a mirror 
casting an image of the subject upon a 
sheet of sensitized paper. The next was 


with a plate holder fitted to 
a tube 


a plain box 
the back, the lens being mounted in 
and inserted in the aperture in front 
that it 
of focusing the camera 
by Niepee and in their earlier 
experiments, but in 1839 we find Daguerre 


Pd | 


would slide in or out as a means 


Such was used 


Daguerre 
using camera composed of two boxes, 
one sliding within the other, controlled by 
a brass sliding rod underneath. 

Then followed the camera with station- 
front, the back sliding upon its base 
the 


a 


ary 
with a set-screw and connected with 
front by means of a bellows. 

The wagon ioad of paraphernalia neces- 
sary for the amateur's traveling outfit in 
the seventies and eighties, while it did 
not deter an enthusiast here there, 
did prevent anything like widespread in 
terest in photography. To simplify these} 
and lighten the equip- 
ment itself were the problems that fell to 


and 


processes camera 
the American inventor, George Eastman. 
too heavy and 
for A thin, rollable, 
continuous, transparent strip, which would} 
the required 
thing unbreakable and light. That need} 
the celluloid film which | 
Hannibal Good- 


Dry plates were culm- 


brous the amateur 


carry negative, was some 


Was supplied by 
the Rev. 


There can be no doubt that} 


was invented by 
win in 1SS7. 
the celluloid film was also independently | 
worked out by Eastman and his chemists; | 
the from 
Eastman and his associates. 

That the film camera—the kodak as we 
now it as popular it 
must always be credited to Eastman. 


certainly commercial film came 


is | 
He} 
and his chemists had worked on the film 
They certainly developed 
practical method of pro- 


eall became as 


idea for years. 


a commercially 








}amateur of so 


| green 
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ducing films cheaply at first using 
greased paper and finally adopting celly- 
loid. 

The important 
kodak—was a logical outcome of the rol] 
film idea. The first kodak appeared jn 
1888. It took round pictures 2% inches 
in diameter, had a fixed focus, and carried 
of one hundred 
with the little 
carry to-day, with so much pride 
rather crude and clumsy affair. Sut 
marked stride, and relieved the 
much of his that 
photography henceforth became a pleasure 
instead of a drudgery. Its evolution pro- 
ceeded simultaneously with the film dis- 
coveries, the evolutionary stages involving 
daylight loading, first by means of a black 
protecting cloth at each end of the spool, 
and later by the present cartridge system. 
This latter rendered all 
kodak models and marked the beginning 
of the and dainty 
models of to-day. 


Eastman invention—the 


roll exposures, Com- 


cameras 


a 


pared hand we 
it was a 
it 
a giant 


burden 


obsolete earlier 


compact, convenient, 


Photographs in Natural Colors. 
Long before the hand camera became as 
popular as it is, long, indeed, before pho- 
tography general pastime, the 
taking of photographs in their natural 
colors engaged the attention of scientific 


became a 


men. 

The original process used by Clerk Max 
well in his famous lecture at the Royal 
Institution in 1861 was an additive proc- 


ess, for he projected on a screen three 
lantern slides made from three negatives 
taken of a colored ribbon by means of 
three lanterns in front of which were 
glass troughs, these containing, respeec- 
tively, sulphocyanide of iron, which is 
red; chloride of copper, which is green; 
and ammonio-copper sulphate, which is 
blue-violet in color. The lantern slide 


taken by red light was projected by red 
light, that from the negative taken by 
green light was projected by green light, 
and that taken by blue light was projected 
blue light, the three pictures being 
superposed on one another, that a 
colored image was seen on the screen, of 
the report “If the red and 
images had fully photo- 
graphed as the blue, it would have been 


by 
sO 
which says: 
been as 
a truly colored image of the ribbon.” This 
imperfection of Maxwell's result was un- 
doubtedly due to his lack of photographic 
to any 


appreciably sensitive 


blue-vioiet. 


material 
colors other than 

Since this first experiment the additive 
process of three-color projection has been 
used many workers, the best known 
being In his famous “Kromskop” 
he modified the principle so that his appa- 
ratus could be used both for protection on 


by 


Ives. 


a sereen and also as a view instrument to 
be used by an individual observer. 

An entirely different application of the 
additive process of color photography is 
found in the screen plates, of which the 
best known example is the Lumiére auto- 
plate. The possibility of this 
first indicated by Ducos du 
Hauron in 1869, in the little booklet en- 
titled “La Photographie des Couleurs,” in 
which he outlined many of the processes 
of color photography which have since 
been realized in practice. The principle 
of the screen plate process ts to divide the 
of the plate into number of 
microscopic filter units—red, green, and 
and then to take the picture 


chrome 
method was 


surface a 
blue-violet- 
through these units upon 
from which a positive is made either by 


an emulsion 
reversal or by the ordinary photographic 
this positive being registered 
with the screen, so that when the emul- 
sion was blackened by exposure through 
one of the filter units, light is transmitted 
through that unit in the finished picture. 
The Lumiére plate represents this process 
in its simplest form, the filter screen being 


methods, 


coated upon glass and the emulsion on top 
of the screen, while the negative itself is 
reversed and converted into a positive, so 
that always registered with 
regard to the screen. 

The subtractive processes depend upon 
the generation of colors by the superposi 
tion of the three complementary colors 
Where 


ft 
t 


it remdins 


blue-green, magenta, and yellow. 
magenta is superposed by yellow, we g¢ 
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WASHINGTON, D. C. NEW YORK SAN FRANCISCO 


CLAIMED that the 
New Alkaline Storage Battery 


would make the Electric Vehicle the 
cheapest means of Street Transpor- 
tation, but I had only my private tests 
to satisfy me. Today thousands of Edison Bat- 
teries in thousands of Trucks and Delivery 
Wagons are making Operating Records that are 
easily investigated by all. After the four or five 
years of hard service that many of these vehicles 
have had, 1s it possible to deny that my claim 


is proved P 
ian ati: 


The Status of the 


EDISON 


Nickel — Iron — Alkaline 


STORAGE BATTERY 


ON ITS SIXTH ANNIVERSARY 


Over one-third of all the Electric Trucks and Delivery Wagons in 
the Country are Equipped with Edison Batteries. The few typical examples 
shown in the border prove that Buyers of the Best buy Edison. 





Seventy hve per cent. of the Inachastrial Touche, Besser Tracks, etc. 
are equipped with Edison Batteries. One-half of the Storage Battery Mini... 
Locomotives are equipped with Edison Batteries. 


One hundred Amnesicas Railroads are using the Edison Battery 
for Train Lighting or Signaling or both. The Edison Battery has placed the 


Lighting of Country Homes remote from Central Station Service on a practical basis. 
The Edison Battery has eliminated “battery trouble’’ from the Ignition and Lighting Systems of 
Gasoline Automobiles and Trucks. For Passenger Electrics and Motor Cycle Lighting the Edison 
Battery has ten the ores pane. 


The Edison Banery Sleuic. Subetg Mine Lamp is the first to 
receive the approval of the U.S. Bureau of Mines for Safety and for Practic- 
ability and Efficiency i in General Service (February 1915). 


The Edison ‘  Wisleeo- “Special” Battery hee heen adopted as an 
emergency source of power for radio apparatus and for emergency lighting 
by such large navigation companies as the United Fruit Co. and the Merchants and 
Miners Tranepertation Campanp. 


The President’ s Yacht ‘ ‘Mayflower”’ is lighted by an Edison Bat- 
tery. The “lolanda,” “Vanadis” and “Sea Cail” have the three largest storage 


battery equipments of any American Steam Yachts and are Edison-Equipped. Innum- 
erable smaller installations all testify to the value of an Alkaline. Battery in Marine 


The Edison Battery for Submarine Boats has been n purchased by 
the U.S. Government for the Submarine now being constructed at Portsmouth, 
the first Submarine which this Government has ever undertaken to build in its own yards. 


An Exhibition of Edison Storage Batteries and their practical applications is being held in Transportation Building, Panama-Pacific Exposition 


EDISON STORAGE BATTERY COMPANY, 132 Lakeside Ave., Orange, N. J., U.S.A. 
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socks Sawn 
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Dad, 


“Mother got mine for me the other day at Brown’s. 
how to buy Always gets what she asks for, and Boy, I haven’t felt so 
and comfortable in all my life Doesn’t bind or chafe 


“You Rascal, It’s B. V.D. 
That Keeps You Cool!’ 


7 
“How 

caught with the goods. 
though— ha! ha! 





been strutting around the house, bragging: 
know the 
You can’t get ahead of your 
’'m wearing B.V.D., 


ool | Am’—0w 


and soft as a handkerchief.’’ 


Onevery B.V.D. Undergarment is sewed 
This Red Woven Label 
MADE FOR THE 





BEST RETAIL TRADE 
(Trade Mark Reg. t Pat. OF 
Foretgr munirie 
rmly insist upon seeing the 


I 
B.V. D. Red Wowen Label, ar 
firmlyrefuse to take any Athletic 
l 

y 


nderwear without t. Then 
ou get properly cut, correctly 
le, long-service underwear 

f D.t Pat §.A.4-3 $ 
$ ‘ : $5.00 the Suit. B.V.D 
Coat Cutt ts and Knee Length Drawer 
$ and $1.50 the Garment 


The B.V.D. Company, 
New York. 


e Ag y: 66, Alderma E. « 
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Steel Need Not Rust ! 
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Nor Concrete “‘ Dust’’ ! 


fume-proofing, stain-proofing, insulating 
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n PI | 


ancisco 


Ri! DUSTOP: 


Stops Dust on Concrete Floors 
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Write for R. 1. W.’’ literature, invaluable to every 
man interested in building undertakings, large or small 
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primary red, the yellow absorbing the blue 
and the magenta the green light, so that 
only the red constituent of white light is 
left. By superposing the three in the 
requisite proportions, all colors can be re- 
The method adopted in prac- 
tice is to make three negatives through 
the three color filters just as in the addi- 
tive precess, and then to print positives 
from these negatives in such a way that 


produced 





the image consists of a colored dye, the 
commonest method being to print the 
negatives in bichromated gelatine. Three 
negatives are printed by this process, the 
negative taken through the red filter being | 


printed on gelatine which is dyed blue- 
ereen, the one through the green filter on} 
gelatine dyed magenta, and the one 
through the blue filter on gelatine that is 
dyed yellow When the three colored 


transparencies are cemented together on 
top of one another, the result completely 
reproduces the colors of the original ob- 
ject This transparency may be viewed 
in the hand or examined in front of an 
artificial light or projected in a lantern, 
or instead of this, a paper may be made 
by stripping off the three gelatine reliefs 
on paper; and some very beautiful results 
have been obtained in this way. 

The simplest possible subtractive pro- 
cess will be one in which the original 
negatives themselves are directly trans 
formed into color positives; therefore, the 
simplest possible color process will be one 
in which two negatives taken under two 
filters are directly transformed into the 
partial pictures for the two-color process, 
the red negative being turned into a green 
positive and the green negative into a red 
positive, and the two then superposed face 
to face to make the completed picture. 
Such a process would employ no loose 
films and only the minimum number of 
glass plates, while there would be no 
transferring of pictures from one glass to 
another. The final difficulty of registering 
also is reduced to a minimum. Moreover, 
if the original negatives can be actually 
transformed into a color positive, we may 
expect to retain in the positives all the 
gradation in the original negatives. The 
gradation by this process should conse- 
quently be as good as can possibly be ob- 
tained. Also, since there is no screen and | 
the high-lights are represented by clear, 
unstained gelatine, the transparency of 
the picture should be equal to that of a 
black and white subject. 

The direct transformation of a negative 
in black silver into a positive in which the 
silver of the negative was represented by | 
clear gelatine and the places that were 
lightest in the negative by a full strength 
of any colored dye that might be chosen, 
the transformation being correct through 
out, so that all the gradation of the orig 
inal negative was reproduced in the re- 
sulting positive was a problem never sat 
isfactorily solved until it was attacked in 
the research laboratories of the Eastman 
Kodak Company. It was this specific 


problem of transforming a silver negative | 
into a dye positive, the working out of| 
which made the new two-color “koda- | 
chrome” process possible. 

The method adopted is to make the! 
1egatives on specially prepared panchro- 
matic plates and through the correct fil- 
ters, and then develop them as_ usual. | 
They are then chemically treated so as to 
remove the black silver and leave the 
plate leoking just like the colorless sheet | 
ef gelatine, showing no sign of an image.|t 
When this plate is put into the specially | 
prepared dye bath, the dye goes into the 
relatine most easily where the silver was 
ibsent in the negative; that is, where 
there was least light in the original photo- | 
graph or in the part represented by deep 
shadows; while in the parts correspond- 
ing to the high-lights, where there was 


much silver in the negative, the dye pene- 
trates more slowly, so that as the dye 
slowly enters the film, the original nega-| 
tive is transformed into a positive pro-| 
duced in a colored dye. While the one 
color is made in this way, the companion 
picture is also dyed in the other color, | 
and the two, when placed together, make | 
the finished picture. The process is thus| 
seen to be simplicity in itself, the novel 
point of it being the method which has 





| ern sense of the term. 
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been worked out for transforming a black 
and white negative image into a colored 
dye positive. Since only two colors are 
used in the process, it is obvious that all 
colors cannot be correctly rendered, and 
the colors for which the process fails are 
the blues, violets, magentas, and purples. 
Light blues appear blue-green, and violets, 
black; magentas appear pink; and pur- 
ples, dark brownish-red. On the other 
hand, flesh tints of all kinds, and all 
shades of red, orange or green grays and 
blacks are well rendered. As these are 
predominant in portraits, the results are 
more satisfying for this class of work 
than for outdoor work. 

How the Motion-picture Machine Was 

Invented. 

In a certain sense, motion-picture pho- 

tography is as old as photography itself. 


| There is abundant evidence of the desire 


to produce visual representations of ob- 
jects in motion, evidence embodied in such 
fantastically named toys as the Thauma- 
trope, Zoetrope (Wheel of Life), Strobo- 
scope, Phenakistoscope, ete. Most of these 
are fifty years old and more. The first of 
them was invented by Dr. Coleman Sellers 
of Philadelphia, who took out a patent on 
February 5th, 1861, for what he called his 
“stereoscopic cabinet,” but which came to 
be known as a “kinematoscope.” Sellers 
must be regarded as the pioneer in the 
motion picture field. 

In these early devices the pictures were 
usually arranged in a circle on cardboard 
and viewed through holes corresponding 
in number with the pictures. The pic- 
tures passed before the eye continuously 
and were seen for a greater or less time, 
according to the size of the hole. Sellers, 
the first in the field, differed from his con- 
temporaries and imitators in recognizing 
the fact that the pictures should be en- 
tirely at rest during the moment of vision, 
a principle essential in motion-picture 


photography. The three vital features of 


}a modern motion-picture apparatus are 


(1) a flexible ribbon picture carrier, (2) 
a mechanism for intermittently holding it 
before a lens, and (3) a place for the ex- 


[hibition of the pictures to a great many 


people at the same time. Sellers’s appa 


|ratus fulfilled the first two of these con- 


ditions; but his apparatus exhibited its 
pictures to one person at a time only. Be 
cause he introduced the intermittently 
moved ribbon-like picture carrier, how 
ever, Sellers is in a sense the father of 
motion-picture photography. Ducas of 
France in 1865 patented a ribbon-like pic 
ture carrier, the latter controlled by 
sprockets. Then came Donisthorpe, an 
Englishman (see Nature, January 24th, 
1878); Marey of Lyons, France (1881) 
and Reynaud (1889) with the same idea 
While all of these adopted and employed 
perforated picture ribbons, Marey em 
ployed the celluloid film. 


The First Public Motion Picture 
Entertainment. 

To Henry Hey! of Philadelphia must be 
assigned the credit of having given the 
first motion-picture exhibition in the mod 
That was in 1870. 
His invention, the “Phasmatrope,” was 


> inca . . : 
| first exhibited in Philadelphia, at the 
| American Academy of Music, February 


5th, 1870, before an audience of more than 
1,500 persons. The related photographs 
were small glass plate positives of selected 
subjects reduced from wet plate negatives, 
taken from successive poses, by an ordl- 
nary camera. The “phasmatrope,” or ex- 
hibiting device, was a revolving skeleton 
disk around the periphery of which the 
glass positives were removably placed to 
register accurately as they intermittently 
came into the lantern rays. During the 


lintervals between the rests of the disk a 


vibrating shutter cut off the light The 
rotation of the disk was in absolute con- 
trol by the operator so that the move- 
ments of the figures (two waltzers) were 
kept in perfect synchronism with an or- 
chestra of forty musicians. Hence, we 


|have here not only motion pictures, but 


the correlation of sound with motion. Mr. 
Heyl went even farther. He threw upon 
the screen a figure of a gesticulating 
“Brother Jonathan.” Yhe pantomimice 
gestures aud lip movements of the moving 
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Seventy Years of the New-York Life 
Insurance Company | 


HE New-York Life Insurance Company was organized in the same year the ScIENTIFIC AMERICAN was 
founded. There were at that time twelve American life companies, and the new insurance written 
during the previous year was about three million dollars. Of these twelve companies, nine survive, 
but only four are now taking new risks. The business of all American life companies in 1914-—— now over 
200 in number—was about thirty-five hundred millions. The New-York Life’s new business in a single week 
is now greater than the total yearly business of all the companies when the New-York Life was organized. 


But New York was a small city seventy years ago, and the United States was geographically very 
large. The city had a population of less than 400,000; but one steam railroad —the Harlem-—-entered it. 
There were but 27 States in the Union, with a total population of about 20,000,000. There were less than 
5,000 miles of railroad in the whole country, and the first iron rail was laid in that year. Chicago had 
about 10,000 inhabitants, San Francisco about 500, Minneapolis, St. Paul and Kansas City a few hundred, 
Omaha and Denver none. The first telegram had been sent less than a year before. The expenditures 
of the United States Government were less than $22,000,000. The slave-ship “Spitfire” was condemned 
at Boston in 1845, and among the first thousand policies written by the New-York Life were 339 upon the 
lives of persons of African descent who were held in bondage under the laws of the United States. 


The first Annual Statement of the New-York Life showed the following: 


Policies issued . ...... . 449 Se ee a a $5,191.16 
Amount insured .... . . . $929,038.00 eee a a ee ee 17,495.55 
Premiums received ..... . 22,622.71 Insurance in force ... . . . 799,000.00 
Interest received ....... 32.33 


There had been no death-losses. The first death-claim was paid in November, 1846, was for $225, 
and was paid upon the life of a slave. There was a sort of irony in the fact that his name was Philip 
Swan! Such policies were always for small amounts, the term one year, with a seven-year rate. Sometimes 
several lives were insured under one policy; Policy No. 268 was upon the lives of ten slaves and one white 
man. The issue of slave policies was discontinued by direction of the Trustees in April, 1848. 


The policies of the time gave the insured permission to travel and reside in the United States south 
of Virginia and Kentucky, BETWEEN NOVEMBER 1 AND JUNE 1, and that was considered liberal. To 
travel outside the settled limits of the United States, Canada, Nova Scotia, and New Brunswick, a permit 
must be obtained. Policies were absolutely forfeitable for (1) non-payment of premium, (2) death by the 
insured’s own hand, (3) any untrue statement in the application, (4) death upon the high seas, in con- 
sequence of a duel, or at the hands of justice, or in the known violation of any law of the United States, 
or of any State or Province in which residence and travel were permitted. Military or naval service in time 
of war invalidated the policy. 


It is now time to note how far we have come in the matter of business and in policy conditions. 
The Seventieth Annual Report of the New-York Life shows the following figures for the year 1914: 


New Policies written .... . 107,320 Expenses . ‘eaeel a oa $13,293,067 
Amount insured ... . . . . $226,674,121 Taxes, other than real estate taxes 1,309,601 
Premiums received . . . . . . 90,467,178 Policies in force, Dec. 31 . . . . 1,142,253 
Interests, rents, etc. .... . 35,799,396 Amount insured ... . . ._ .2,347,098,388 
Paid death-losses. . . . . . . 26,230,268 = Net assets, Dec. 31 . . . . =. . 799,838,591 
Other payments to policy-holders . 45,741,097 


The changes in policy conditions have been almost as great as in the volume of business—if such 
things could be compared. Policies are now written practically without conditions except the due payment 
of premiums, provided present residence, occupation and habits of life are satisfactory. A suicide clause is 
operative for one year. Policies are automatically non-forfeitable after two years’ premiums have been paid. 
Loans and cash values are available after two years. Policies are payable in case of death, not only in 
cash, but other valuable options are available, such as leaving the money with the Company at interest 
and drawing it out $100 at a time; payment in a selected number of equal annual instalments; an income 
for life, ete. Under the first of these options the New-York Life will pay the $100 in five $20 checks. 


Another late feature introduced by the New-York Life is a disability clause, insuring against total 
and permanent disability. The benefits include the waiver of premiums due, and the payment of the face 
of the policy in ten equal annual instalments if the disability continues. 

The advantages of life insurance are now so generally recognized that it has been adopted by the 
state, by business and by society, in one form or another, as the best method of replacing the earning 
power of the husband and father who dies prematurely. 

What will the next seventy years bring to Life Insuance and to the Screnriric AMERICAN? Many 
amazing developments in science will be reflected in the pages of this publication. Is it too much to hope 
that within that period the savagery of international relations may be superseded by the law of human 
brotherhood—which is the great law of life insurance ? 

DARWIN P. KINGSLEY, 


346 Broadway, New York. President 
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Waterproof as a Duck’s Back 


That's the way Bay State Brick and Cement 
Coating keeps exterior walls of concrete or 
stucco. One coat absolutely overcomes the 
tendency of cement to absorb water—prevents 
disintegration. 


BAY STATE ¢encs: COATING 


gives a uniform color—no blotched appearance. 

For interior decoration it is unequaled, being 

damp-proof, fire-retarding and easily cleaned. 
Our free booklet 10 contains some ideas that will be 


of immense help to the man who’s planning to build 
of concrete, stucco or brick. Send for it —it’s free. 


WADSWORTH, HOWLAND & CO., Inc. 
Boston, Mass. 
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Pressed Steel and Stucco Group Houses 

Proper housing of workers in mining towns, industrial centers, etc., no longer 

Permanent, fireproof, sanitary multiple-homes—houses of 
can be built at a low cost by means of 


need be a problem 


similar design and size 


_ KAHN PRESSED STEEL CONSTRUCTION 


it to length and requiring no work at the building site, replace inflam 
-. . wood joists and stud They are erected by means of a perfected standard connection 
without rivet punching or bolting; then Hy-Rib steel lath is attached inside and outside 
An y+ agar hammer is the only tool required. Stucco, plaster and concrete applied to the 
Hv-Rib ak permanent floors and wall The cost compares favorably with that of wood 
ind only ‘half the time and labor is required 

mpict agra for f t that nary mechanics are abie truct the buildings quickly, 


' el member 


FULL INFORMATION SENT TO INTERESTED PARTIES 


TRUSSED CONCRETE STEEL CO., Dept. M-2, Youngstown, Ohio 
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Punch in 


YourMotor: 


with 


MADE BY MCGUAY-NORRIS MFG. CO 


The patented two-piece 
con- 


They secure perfect com- 


pression of each fuel charge and angle-to-angle interlocking 


‘ ization of the whole force of the ‘struction is the exclusive \gantRoce 
wer impulse They also ‘esign—absolutely essential to true leak- 

ro ervice the onl anice 

revent impairment of valve action by proof service It is the only mechanical 


principle by which exact fit, equal and 












carb vuse surplus lubricating oil - : 

. 6 enduring tension of a piston ring can be 
ettir ‘ n ofr pertect pistor . : 
' imperfect 5 ; obtained. Look for this feature—identify 
ring ‘ vustion chamber ofthe the lsgantRoce Ring—insist on it when 
cylinder you order. 

7 o Have and to Hold Power.” 
FREE BOOK {2!;zi.""" 


1 fer it today 


“p uses, garages aud repair shops. 


Canadian Factory: W. H. Banfc 120 Adelaide St,, West, Toronto 


oe » McQuay. Norris Mfg. Co., St. Louis, U.S. A. 


~ 2 BRANCH OFFICES; 
the two New York ad t 64th St. Pittsburg: 902 Second Nat, 





piece, ang Bank B Kansas City New Nelson Bidg. Chicago: Suite 718 
angie interlocking Michigan B Bldg San Francisco: 164 Hansford Bldg Los 
wstruct Angeles: 4 ¢ alt Dallas: ‘09 Juanita Bidg. St. Paul: Am 
Nat, Bank Bu 
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photographs coincided with the voice of a 
reader who supplied the audible words 

Perhaps the name of Edward Muybridge 
is the most conspicuous in the history of 
chrono-photography, although he was not 
the developer of motion-picture apparatus 
in the accepted sense. His remarkable 
studies of animals in motion were made 
with a battery of cameras. His work was 
of more scientific than of commercial 
value. Muybridge did design, about 1880, 
his “zoopraxiscope” to exhibit his glass 
plate positives of animal movements. This 
was more or less an exact counterpart of 
Heyl’s “phasmatrope.” 

The devices of Mr. C. Francis Jenkins 
of Washington, D. C., deserve particular 
mention, for they seem to have estab- 
lished a type of projector which has con- 
tinued until now. He was the first to 
have publicly exhibited in 1898 (before 
the Capitol Camera Club, Washington), 
and later in 1894, with an apparatus of a 
modern type. Lumiére gave the first pub- 
lic demonstration in Paris in 1895 with 
his kinematograph—a combination camera 
projector which exhibited pictures of re- 
markable beauty 

In 1889 Edison made his first motion- 
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instead of three. Tositives made from a 
red and green negative are projected al 
ternately upon the sereen through red and 
green filters. While the color rendering jin 
this process is quite pleasing, the correct 
ness is much inferior to that of the three- 
color process, but the results obtained are 
sufficiently encouraging to justify the be- 
lief that a slight improvement in color 
rendering over the results obtained by this 
two-color additive process is satisfactory 
for many purposes. 

One of the latest applications has been 
the Gaumont three-color process, where 
three cinematograph pictures are taken on 
films of the usual width, one over the 
other, 
being somewhat reduced in height so that 
the three pictures are two and one quarter 
times the length of the ordinary black- 
and-white picture, the film being moved 
after each exposure through the length of 
the three pictures. 
plished by means of a _ very 
triple lens, each positive being projected 
through its own lens system and filter. 


through three lenses, the pictures 


Projection is accom- 
ingenious 


Communicating Over Great 
Distances 


picture camera in which a film was inter- | 


mittently moved. His earliest form of ex- 
hibiting apparatus, known as the 


was a machine in which a positive 


“kineto- 
scope,” 
print from the negative obtained in the 
camera was exhibited directly to the eye 
through a peephole; but in 1895 the films 
were applied to modified forms of magic 
lanterns, by which the images were pro- 
jected upon a screen. Edison, however, 
was not held to be the creator of the mod- 
ern motion-picture apparatus in a very 
important infringement suit de- 
cided a few years ago. Indeed, it is hardly 
to be expected that any one man could 
claim to have created the motion-picture 
It is a composite, 
many 


patent 


machine as we know it. 
embodying principles 
years ago, each by a single investigator. 
But Edison certainly did fine work in de- 
veloping the machine along the line of 


discovered 


manufacturing details and, much credit is| 


due to him for that. 

The standardization of the motion-pic- 
ture machine is now world-wide. Films 
made in the most remote corners of the 
earth fit any machine in any theater any- 
where. Hooks, as employed by Lumiére, 
have become standard in 
the intermittently rotated sprocket plan 
of Jenkins has been adopted on projecting 
machines in all countries. To Nicholas 
Power belongs the credit of having intro- 
duced many refinements which contrib- 


cameras, while 


uted to the perfection of the projecting | 


apparatus, notably his devices for prevent- | 
ing the ignition of the highly inflammable 
film as it passes in front of the intensely 
hot are light. 

| Of those who essayed to exploit ma- 
|chines combining motion and sound, not 
}one can be considered pre-eminently suc- 
leessful. It seems no very difficult matter 
|to synchronize the phonograph with the 
motion-picture projector and, indeed, 
tes of patents have been taken out for 
| synchronizing devices. The fault seems to 
lie more with the sound reproducing de- 
vices than with the motion-picture ma- 


|ehine. The phonographie voice is cer- 


ture. 


Motion-picture Photography in Coiors. | 
colors | 


Motion-picture photography in 
dinary photography in colors. In addi- 
tion to one or two processes which are 
only of laboratory interest, all methods of 
color photography consist of applications 
of the three-color theory of vision, de- 
pending upon the fact that any color may 
be matched by a combination in the 





colors—red, green, and _ blue-and-violet. 
There are two main methods by 
}the combination of these colors can be 
j}achieved and a color picture, either still 
or in motion, produced, these being 
termed, respectively, the additive and sub- 
tractive methods. 

Of the photographic color schemes in 
chrono- photography, the Smith - Urban 
kinemacolor process is prominent. This is 
a process in which two colors are used 





tainly not so natural as the animated pic-| 


depends upon the same principles as or-| 


proper proportions of the three primary | 


which |; 


(Concluded from page 532.) 
opening the old Reis-Bell controversy, it 
doubt 
whether Reis’s instrument ever did or 


must be said that there is grave 


could transmit speech, whereas there is no 
doubt at all that Bell’s instrument did 
transmit speech. The correct idea of the 
telephone also occurred to Elisha Gray, 
who, however, filed a caveat in the United 
States Patent Office only a few hours after 
Bell, with the result that all the commer- 
cial fruits of one of the greatest discover- 
ies in the world slipped from his 
Bell’s patent has been called “the most 
valuable single patent ever issued” in any 
country. That is probably true; for its 
claims cover not merely an instrument, 
but the whole art of transmitting speeci 
over a wire. When the telephone was 
placed upon a business basis by Gardiner 
Hiubbard (to whom 
much indeed for the encouragement which 
he gave Bell and for his business acumen, 


grasp 


America owes very 


and broad-mindedness) the Western Union 
Telegraph Company realized that a for- 
midable competitor of the telegraph had 
appeared. It organized the 
Speaking Telephone Company, and en- 


American 


gaged Edison, Gray and Dolbear as elec- 
trical engineers. These three men, as 
well as Berliner, Blake, Hughes, and 
others, developed the telephone and made 
it a really a commercial instru- 
ment. In 1877 Berliner invented the loose- 
| contact setetieiiens and applied the in- 
duction coil between transmitter and re- 
|}ceiver. These two inventions have ever 
| since been applied in all practical tele- 
phony, and no other devices have taken 
their places in practice. Both of these are 
essential elements of the telephone as we 
know it. In Bell’s instruments sound 
vibrations impinge upon a_ steel dia- 
phragm, arranged adjacent to the pole 
of a bar electro-magnet, whereby the dia- 
phragm acts as an armature, and by its 
| vibrations induces very weak electric im- 
These im- 


| pulses in the magnetic coil. 
| pulses, according to Bell’s theory, 
spond in form with the sound waves, and 
passing over the line, energize the magnet 
coil at the receiving end, and by varying 
the magnetism, cause the receiving dia- 
phragm to be similarly vibrated to repro- 
| duce the sounds. A single apparatus is, 
| therefore, used at each end, performing 
ews double function of transmitter and re- 
ceiver. With Berliner’s improvement a 
closed circuit is used, on which is con- 
stantly flowing a battery current, and in- 
| cluded in that circuit is a pair of elec- 
trodes, one or both of which is of carbon. 
These electrodes are always in contact 
with a certain initial pressure, so that 
current will be always flowing over the 
circuit. One of the electrodes is connected 
with the diaphragm on which the sound 
waves impinge, and the vibration of this 
diaphragm causes the pressure between 
the electrodes to be correspondingly varied 
and thereby effects a variation in the cur- 
rent, resulting in the production of im- 
pulses which actuate the receiving magnet. 
(Concluded on page 570.) 
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Toughness 
with Resiliency 
—at Low Prices 





IRESTONE Most-Miles-per-Dollar tire service is due to the 
Firestone combination of unequaled toughness with extreme 


resiliency. Firestone tires have the “life,” the firmness, the 
come-back, to bear the crushing strains, and at the same time give the utmost protection 
to the truck mechanism. There isa Firestone for every road, load and condition of service. 

















Firestone Removable Rim Equipment 


means maximum service, because it means continu- measurements. Interchangeable. Enables you to 
ous service. Any driver can change tires. Insures equalize wear on tires and obtain longest use, a 
against delays and truck layups. Proved in every necessity to the operator far removed from a service 


kind of service. Get the facts. Built to S. A. E. station. 


Firestone Pressed-on Type 


have the unequaled Firestone resilience and tough wearing quality. Cured 
in the rim, insuring an absolutely perfect seating. Applied direct to felloe 
bands under great pressure. This method of fastening greatly reduces weight 
of equipment, especially important on electrics. Creeping is impossible. 






At the Firestone branch in every great trucking center, large stocks 
of tires are carried, with complete facilities for applying or changing 
tires, or building a wheel from the hub out. Use the Firestone service. 





Let a Firestone man call and advise with you and quote aur new low prices 


Firestone Tire and Rubber Co., “arnwEi ie. Akron, Ohio pesisr Everywhere 
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All are realized 


while; 
in the use of Standard Hartford Equipment. 
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ride easy’ by appiying the 
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Phe improved Automatic Hartford Shock 
d Al be works progressively Exe 
es beneficial influence over every moveme 
f the automobile 
f gz its fr 1 of 
ad Each movement is made smooth 
d undulating; it can never be jerky 
abrupt, however rough the road This 
neans riding comfort, a/ways 
If your ca springs show a tendency 
to ride stiff’’ over smooth or moderately 
rough roads at slow speed, you can ac- 
quire the needed flexibility to make them 


ffartford 


G 


e 


e Its two-spring-steel-friction arms ck 
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The Design and Construction of Induction 


Collis. By A 


Cloth. 272 pages 


Frederick Collins. 6 
159 illustrations 


4x¥ 





4 inches 


$3.00 


practical 





This work gives in minute details full 
directions for aking eight different _— 
" 1 small one giving a neh spark 
ing 12-inch sparks rt | 
yart a 4) and h 
ar written in language easily comprehe led 
| 
| MUNN & CO., IN P sHERS 
Woolworth Building New York ¢ 








You, too, 
can save 
that 
valuable 
half-hour. 


Here's what one man 


has to say about a 


Western Electric 


Inter-phone Out 


he recently 


‘| would not part with it for many 
I estimate 
that | save at least one-half an hour 
my busy periods 


times the price paid. 


of time during 
of the day.’ 


If your electrical dealer does not have them, 
send direct to us for one of these outfits 
intercommunicating 
It's all ready to put right on your 


its twe handy 


phones. 


prese 

$8.75 

A check or money 
will bring it at once. 


WESTERN ELECTRIC COMPANY 


fit 


installed in his offfces:- 


nt bell or buzzer wires-and costs only 


order to our Dept. 


463 West St., New York 


Houses in all Principal Cities of the United States and Canada 


with 
tele- 


51-AG 


500 S&S. Clinton St., Chicago 





































NEW BOOKS, ETC. 


Deri ELI \mertca. By Hudson Max 
im. New York: Hearst's International 
Library Company, 1915. Svo.; 318 pp 
1) illustration Price, $2 
Che purpose of this timely and excellent work 


is aptly expressed in the opening paragraph of 


the preface a phalanx of facts upon 


ro present 


nseless condition of this 


the subject of the def 


country, and to show what must be done, and done 


quickly, in order to avert the most dire calamity 
that can fall upon a count’y—that of merciless in 
vasion by a foreign foe, with the horrors with 
which no pestilence can be compared W hile 
the above expresses the purpose of the book, which 


fenseless 


fulfilled, the 


Ing 


scope of “De 


that the 


is admirably 
America 


given us 


uthor has 


is so all-embr 


’ f 
nine of 


information upon the 


Mr. Maxim is 


successful 


a veritahl 
subject of war and war material 


well qualified by his long and associa 
essful inve 


of war 


tion, as a practical and suc ntor, with 
of the impk 
of the 


teristic 


to writs 
this 
lucidity 


tr production mente 


von the technical side question; and 
force 
perfectly under 


rest for the 


harac and 
whict will render the subject 


standable and full of fascinating int 


refer, here 


nm methods 


average layman We to the six chap 


Moder and machinery of 
Army; The 


big guns; A 


ters entitled 
of our 


of the 


and Our armaments not a burden 


needs needs of our 
rial warfare 
rhe a 


“ic is as 


guage 
ithor 


writes with a trenchant pen and his k 


merciless as it is pungent Nowhere are these 


qualities used with such telling effect as in the 


fallacies and the 
alled 


nothing 


chapters wherein he exposes the 


inconscious cant of the SO-¢ pacifists 


Did 


than 


this voluminous work contain more 


this analysis, or shall we say vivisection, of 
f 


fallacious rous doctrines that 


f the 


the most and dang 


ever have menaced the very existence o 


counts the book 


hosen 


would be well worth its 


pur- 


chase price subjects for illustration have 


been well highly illuminating 


T he 


an ari in whk 


and they are 


war will be won mainly by artillery 


prese 


h we are wofully deficient, as shown 


by the plate, page 104, which credits Russia with 


6.000 fleld 5.000, F 
1800, Aus 


and the lt 


guns, (rermany with rance 


with tria with 2.365, Japan with 1,250 


nited States-——twice as rich as the next 


richest nation with 634 The author shows in 
much detail how relatively weak is the United 
States navy compared with the vast and far- 


flung territory, coastline, wealth and population 
which it has to defend—-to say nothing of the 
possible seeds of war which exist in the great na- 
tional policies, such as th Monroe Doctrine 

the “Open Door” in China, Asiatic exclusion, and 
the preservation of the neutrality of the Panama 
Canal Perhaps the most astonishing to the 
average reader of the illustrations will be one 
showing, diagramatical s comparison of the 


this we 


of Peace and War From 
the total number of killed in six 


casualties 


learn that wars 


iz., our losses in the wars with Spain and Mexico 
our Civil war casualties on the Federal side, the 
he English in the joer war. the English and 
French in the Crimean war, and the Japanese 
killed in the Russo-Japanese war, together totaled 
982, whereas the average annual number 


h killed in the United States during 79,000 


Their Prepara- 
George Wil- 


PERFUMES AND COSMETICS 
tion and Manufacture ' 


liam Askinson, Dr.Chem New York 
The Norman W. Henley Publishing 
Company, 1915 SVO 344 pp.; 32 en- 
gravings Price, $5 

In this translation from the German the fasci 


f 


ating subject of perfumes is comprehensively 
presented by a manufacturing chemist A brief 
history of perfumery and a general discussion of 
aromatic substances fitly leads into the more 


practical considerations of the employment of 
vegetable and animal! substances and of chemical 
products in the manufacture of perfumes The 
methods and apparatus employed in the extrac- 


tion of odors are carefully explained and de- 
scribed Among other chapters worthy of es 
pecial note are those on synthetic products, the 





ification of odors, fumigating pastils, pencils 
and therapeutic 
the evidence of 
bacteriologists or 
the 


Cosmetics 


and powders, and the antiseptic 


value of 


paatennen according to 





s an course 


large portion of space is devoted to 


formule and directions dentifrices 


and other toilet preparations receive an adequate 


share of attention The work may be accepted 
with confidence, and many of its products are 
very easily prepared 
Tue Orrician Goop Roaps Year Book 
or THE UNirep Srates. Washington, 
LOLS olorado Building 
rhe Good Roads Year Book is an excellent 
compendium of laws, technical improvements 
made in the development of good roads, financial 
consideraticns governing the building of good 





is that 
very 
and the 


roads, and the like An excellent article 


on road systems of foreign countries, giving 


the road mileage of each country 


tersely 


cost of maintenance per mile How little or how 
great is the i rest of the individual states of 
the union in good roads is exhibited by a con- 
sideration of State legislation A good digest 


labor laws shows how far convicts may 


The principal types of 


of convict 


be employed on roads 
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Mr 
example of popular philosophical writing 

suddenly he the proposition 
conform to law’ or 
without that the corpuscle, the 
unit of is intelligent; in short, that it is 
the mental unit as well as the physical We can- 
not accept his startling proposition as axiomatic— 


pages Miller gives us an exce ptionally good 
Then 

that 
obey law’ 


lays down 


nothing can either 
knowing henee 


matter 


and he offers no proof of it as a general proposition 
the word “‘intelligence”’ out 
usage, in which case the whole 
Once we accept the cor- 


unless we wrench 
of its accepted 


argument is annulled 


puscle as the unit of both matter and mind, how- 
ever, the way is opened for a series of original 
and brilliant hypotheses giving a wide and not 


unattractive interpretation of natural phenomena, 


and particularly of the origin and nature of 
gravity The chapter on heat, light, and elec- 
tricity continues these bold speculations, and the 


sheer force of its heterodoxy may really illuminate 

a few dark places 

Pocket GuipE To PrintinG. Compiled by 
George Vickers. New York: Oswald 
Publishing Company, 1915. 16mo.; 46 


pp.; illustrated. Price, 50 cents. 
THe AmeRicCAN HANDBOOK OF PRINTING. 
Containing in brief and simple style 


something about every department of 


the Art and Business of Printing. New 
York Oswald Pubiishing Company, 
1913. Svo.; 300 pp.; illustrated. Price, 
$2.15 

The author, the advertisement writer, the 


man—anyone, in short, who contracts 
for printing or furnishes material for setting up— 


business 


will find this compact little ‘Pocket Guide to 
Printing’ very useful. It shows the standard 
type faces, gives the old and the new size-names, 
explains proof-reader’s marks, and lists paper 
sizes and weights commonly stocked, together 
with a fund of miscellaneous information upon 


other details pertaining to the art of the printer 
and illustrator. The third edition of ‘The 
Handbook of Printing’’ has been subject to care- 


ful revision and to some measure of reconstruc- 
tion In its original form the handbook was in- 
tended as a short cut to a printing education. Its 
numerous sections take captions such as ‘‘Type 
Making “ype Faces,’ ““Proofreading,”’ ** Inks," 
and ‘Presses,’ and a rather unusual method ts 
followed, in that each section first presents the 
historical side of its subject, and immediately 


follows with practical corsiderations. This plan 
its distinct advantages. The work includes 
a color chart as a guide to the mixing and har- 
The whole makes up a handy 
heipful 


has 


monizing of colors 
desk manual that 
to the and 


will exceedingly 


the 


prove 
printer advertiser 
Tue FounpDaATIONS OF STRATEGY. By Capt. 
H. M. Johnstone, Military Lecturer to 
Edinburgh University. New York: The 
Macmillan Company, 1914. Price, $1.60 
Capt. Johnstone has written both a timely and 
an instructive book Using the campaigns of 
the last hundred years as a basis of discussion, he 
gives us a clear insight into the manner in which 
their Capt 
a believer in the principles 
followed in the present campaign, a believer, in 
other words, in the “full strength’’ idea that is 
now applied on so magnificent a scale in Europe 
For all that the book was written without any 
reference whatever to the present campaign in 
excellent very clear and 
of following the 


great generais conduct operations 


Johnstone is evidently 


Europe. Some maps 


large, simplify the readers’ task 


author's explanations 
WETTERKUNDE FUR 
Von Dr. E. Mylius. Berlin: Verlag Dr 
Wedekind & Ae 1914. Svo.; 108 pp.; 
21 plates Yae sht- Bibliothek herausge- 
ge ben von der Redaktion der Zeitschrift 
‘Die Yacht,’”’ Band VIII.) 


The author of this unique book is not a profes- 


DEN WASSERSPORT 


sional meteorologist, but an enthusiastic yachte- 
man who has become ‘“weather-wise through 
many years’ careful observation of winds and skies 


supplemented by a study of meteorological text- 
books lead an out-of-door life 
usually skill in predicting 


Persons who 


acquire more or less 


weather changes a few hours in advance—and it 
is such forecasts of short range that are useful 
to the yachtsman—but very few take the trouble 


so that it may be 
Mylius has not 


to formulate their knowledge 
readily imparted to others Dr 
only set down in writing the results of his observa- 
produced several hundreds of 
drawings of the and noted in connection with 
them the antecedent and subsequent weather. A 
selection of twenty-one of these drawings appears 
all of them typical and true to life 

This is probably the feature of the work 
The author begins with a sketch of the general 
subject of winds and weather in relation to barom- 
anti-cyclones 


tions, but he has 


sky 


in his book 
best 


etric conditions (cyclones and 
gives a description of cloud forms, and tells all that 
the yachtsman needs to know about weather maps 
and official weather forecasts and warnings. He 
points out the fact that the maps and forecasts 
have their limitations from the sailor's point of 
not always promptly accessible 
is mainly interested in weather 
and rapid character. The 
the book is indicated by the following 
chapter-heads 1. Origin of the weather in 
irope 2. Weather maps available for 


view; they are 
and in any case he 
changes of a local 


scope of 


western Ei 


mds are described in a good article on the sub- 

Che State funds available for road work|our use. 3. Personal observations. 4. Weather 
ure carefully tabulated. Taken as a whole, the | changes from good to bad. 5. Weather changes 
ook gives one an excellent idea of the good | from bad to good. 6. Squalls and thunderstorms 
ads movement in this country |7. Waterspouts. 8. Calms and _ wind-shifts. 9 
’ . . | Wind direction and force. 10. Stormy weather 
Ht SE RET O} THE U NIVERSE. By Eugene jand storm wafnings 11. Storm signals 12 

M ille Bs ‘Topeka, Kansas: for & Co.,| Rainy weather. 13. Currents in the Baltic and 
1915. 8vo.; 255 pp. Price, $1.60. | adjacent waters. 14. Waves. The novel por- 
When we approach that borderland between the | tions of this book are little less useful to the 
universe of things and the universe of thoughts, | American than to the German yachtsman; for 
it is strange how slight an argument will sway | information concerning weather maps and the 


and how weighty a consideration may 
another. For more than 150 | 


one man 


fail to convince 


like the American would naturally consult cis- 
Atlantic publications. 


1915 


~~ 
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LEGAL NOTICES 


PATEN TS : 


If you have an invention which you wish to 
patent you can write fully and freely to Munn 
& Co. for advice in regard to the best way of 
obtaining protection. Please send sketches or a 
sur invention and a description of 
the device. explaining its operation 
All communications are strictly confidential 
Our vast practice, extending over a period of 
more than saxty years, enables us in Many cases 
to advise in regard to payne without any 
expense to the client. Our Hand Book on Patents 
is sent free on reé ean This explains our 
methods, terms, etc., in regard to PATENTS. 
TRADE M. ARI KS, FOREIGN PATENTS, ete. 
All patents secured through us are described 
ithout cost te se patentee in the SCIENTIFIC 
AMERIC "AN 


MUNN & COMPANY 


233 BROADWAY, NEW YORK 
Branch Office. 625 F Street, Washington, D. C. 





Classified Advestinosneni 


Advertising in this column is 75 cente a line. No 
leas than four nor more than 12lines accepted. Count 
seven words to the line. All orders must be accom- 
panied by a remittance. 








MARKETING INVENTIONS 


THIS MP ANY'S BI SIN pad is to develop for 
the ma A ginal and ba stented products of its own 
Laborat rie: Its Sale De ot artme nt is wanes to 
consider 0 = a ite a inventions. Send copy o! 
patent w ths ste s for return > a Labo ra- 
tories, M« m ne “Ma nufacturing Co., Dayton, Ohio. 

POSITION OPEN 

U NDI R Si iNED acts as onfide -ntial intermedi- 
ary for ne tiation of ee 000 t ois ,000 positions 
(oe reliminaries on Co ~ ept ~ases of highest 

ually ed, end address. 


nly “ 
v. ‘Bix La ck ‘Bo x 134" te ‘Buffalo 


POSITION WANTED 


YOUNG MAN, Ar neri an ——_ best office | © 


ellent references ; 


training, som 4 — 
ycern. Address 


wants p siti on Ww rith abl abed ce 
Capable B x 773, N Y 


INQUIRIES 


Ing \ 1437 be ite apm name and address 
of a conce that can make an oil ¢ or gre ase gun. 
West preferred M =r be abl te o make in quantities 
of 1 

Ing \ 1438 Wanted the name and address 
of « ifacturer of light alum iaiaan shen *ts, small 
tub: i wir also alum inium solder 

Inquiry No. 9439 Was ited the are >and address 
of a manufacturer of a i. nay ng machine whic *h was 
on the market som ‘The name of the 
machine was the Bickf« ad Ma chi n It was a hand 
knitting machine, we gh g about 12 > pounds 

Inquiry No. 9440 Wante ing name and address 
of a concern selling Dr Vee ; E-Z Ss anitary Belt. 

Inquiry No Wee ited the name and address 
of a manufacturer of a chine for c utting ie eins of 
cotton and wrapping ch "be undle around the mu ddle 


with wire \ machine < yme suc ch kind is used in 
r rin wl c utting to le ‘nth the 
she 





Ing Vo. 9444. W ante od the name and address 
of a manufacturer r patentee of a glass est we a 
made f with air pur nps for creating a cuum. 

Inquiry No. 9445 War d the name ‘and aime 

a manufacturer we Ce make ombination 
pencil holder i pe nt pt ond 

Ingu Vo Wants yee name » and address 
of a manufacturer who can supply machinery for auto 
matically wrapping cigars ir nl 4 imp orte: di tissue 
paper having the ends tightl ound and curled 
Would consider purchase of mat hi nes or patent ‘Tights 

I N 7 Wan i to buy patented article, 

ho 


nqutri » DEAT 
which is needed in ie, with a possible view 
ng an id di str ibt uti ing 


fy GRADUATED BEAM CALIPERS 


5 For all —— aad Scientific 
Pe EY pt 

a 3 Vernier and Me otric System. 

Agents Wanted. Caliper Booklel Free. 

ERNEST G. SMITH, TAMPA, FLA. 





FOR THOSE WHO CANNOT AFFORD 


A FOUR-YEAR ENGINEERING COURSE 


Steam and Machine Design 
Applied Electricity 

Applied Chemistry 

Applied Leather Chemistry 
Machine Construction 
Carpentry and Building 
Tanning 
Low Tuition. Write now for Illustrated Catal 
Spring Examinations and Interviews, June 2 


Pratt Institute, (Dept. S) Brooklyn, N.Y. 


UNMATCHED SPEED 
EXTRA POWER—NO VIBRATION 


spoon § Drives a 16 ft. boat 12 
x ‘an our ‘ee Mr. wonen 
Madison, Wis. Has 

Does not shake the 
THE GREAT 2-CYLINDER 


MOP MOTOR 


Two-Year Prac- 
tical Courses in 


One-Year 


Courses in 








Koban Mtg. Co., 230 So. Agents 
Water St. Milwaukee, Wis. §... Wanted 
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7 OLDSMOBIL 


SETS THE PACE WITH AN 


EFIGR 


Alive with Power 





Exquisite 


Light in Weight 
in Beauty 





August Deliveries 
| is looks good to the eye, 

and when you step on 
the accelerator you expe- 
rience a thrill you never 
dreamed a car could give 
you. You feela sensation of 
resistless power—smooth, 
velvety, unbroken and 
strong, like the flow of a 
mill race. 


An OLDSMOBILE 
through and through—it 
is a radical turning, an al- 
most startling departure, 
from the usual idea of 
eight-cylinder motor eth- 
ciency. Oldsmobiles have 
this attraction always— 
they are quite out of the 
ordinary. 

So with this Fight. Itis 
light in weight. In addi- 
tion, it is simple mechan- 
ically and as reliable as a 
watch. There is nothing 
perplexing underthe hood. 


The car requires very 


OLDS MOTOR WORKS, LANSING, MICH. 


INCORPORATED 1899 


ESTABLISHED 1880 


little attention and very 
small expense to operate. 


In a group of cars it im- 
presses you at once as hav- 
ing distinction. Driving on 
the road you feel a satisfy- 
ing difference between this 
and all othercars you meet. 


So quickly does it win 
your friendship you think 


the car half human. 


A Most Surprising Thing 
is the price, $1295. 





For Immedaite Delivery 


S a companion piece to our 
Eight we announce for 1916 
a new Oldsmobile Four, Model 43 
—very distinctive, with 120-inch 
wheelbase and a correspondingly 
ample body. Everything about 
the car attracts—a powerful Olds- 
mobile valve-in-head motor; long 
and buoyant springs, fascinatingly 
attractive cabinet work; clear, 
thrifty, live hickory wheels in 
natural finish; seats delightfully 
deep and soft—and the surpris- 
ingly moderate price, $1095. 


Booklet No. 126 on request. 





Many of the geniuses of the automobile industry are the product 
¢ men are trained 


of the House of Oldsmobile —a school wher 
to be thorough and accurate. 
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} Iu other words, with Bell’s telephone the 








sound waves themselves generate the elec 
tric impulses, which are hence extremely 
faint. With the Berliner telephone the 
sound waves actuate an electric valve, so 
to speak, and permit variations in a cur 
rent of any desired strength. All that now 
|}remains of the original Bell telephone is 
| the receiver, which is still in essence what 
he made it 

In Gray’s caveat, which he unfortun 
} ately filed in the Patent Office too late, it 
is pointed out that the variations of the 
‘ 66 °,° : current may be produced by causing the 

We Must Meet Conditions : vibrations of the diaphragm to vary the _ : — 

= resistance of the circuits. This is really Thermoid Brake Lining 


As They Exist Today ee ee ee ee SAVED THE CHILD 


= Herbert N. Casson, in hiv “History of 








LTT 


It never fails in emergency. It 












Fy . . : the Telephone,” summarizes transmitter ee 
= 40 Years Ago—Small production; slow, pains- Sevtbeauenns en’ has the same sure gripping 
§ taking work, principally by hand. 4 | friction at the core as on the 
= , . : = From first to last the transmitter has been : : : 
: 15 Years Ago— Large production, almost ir- Fl | the product of several minds. Its basic iden| | Outside, It is 100% brake lin- 
= respec tive of cost, was the chief aim ot = is the varying of the electric current by vary ing. Watch your brake lining 
F ‘ 4 ing the pressure between two points Bell ne . - t. 
manufacturers. unquestionably suggested it in his famous pat guard against accidents with 
’ o.° ? = ~~ j}ent when he wrote of ‘increasing and dimir 
Today — Keen competition has forced quality Fie Bleep dlgedimemcenatlar gor once Shang Mags so 








actually to construct on¢ Edison greatly im | rrr oO 


proved it by using soft carbon instead of a 


wooing” A ewtey never Dstt S| DRAULIG COMPRESSED 
Hughes, started a new line of development by + e e 
adapting a telephone into a microphone, a fan Brake Lining -100% 


and quantity production to combine with 
minimum manufacturing costs. 





The higher cost of living and greater skill 
among workmen have made necessary 


tastic little instrument that would detect the 
increased wages which the manufacturer noise made by a fly when walking across a| 
ans . ed . fit table Francis Blake of Boston changed the | Thermoid Rubber Co. 
must meet wit 10ut r ucing pro its. microphone into a practical transmitter The Wie. Peace. ti 5 


Rev. Henry Hunnings, an English clergyman, 


DUT 


hit upon the happy idea of using carbon in the} 


Send for Our Bocklet Our Service Embraces 


“HOW TO ANALYZE Industrial Organization 
YOUR BUSINESS” Waste Elimination 
Labor Control and Management 


orm of small granules And one of the Bell 


experts, named White, improved the Hunning 
transmitter into its present shape. Both trans 
mitter and receiver seem now to be as com 





OU OA UERE EE ee ee 





ERIE ry 
X QUESTIONS FOR Employe Co-operation Methods plete an artificial tongue and ear as human in 
DETERMINING YOUR Production Methods genuity can make them They have persistent 
INDUSTRIAL EFFICI Factory Lay-outs - ae P 
ENCY AND LVENCY Costs ly grown more elaborate, until to-day a tele 
| phone set as it stands on a desk, contains as 
many as 130 separate pieces, as well as a salt- 
spoonful of glistening granules of carbon 


ov 
ani LV-IESTES [NCORPORATED Such men as Carty, Scribner, and Dean 


“RAISE WAGES WHILE CUTTING COSTS’ 
|} have brought the telephone to its present 





ENGINEERS 
CHICRGO 


perfection. The one man who did most to} 


create the switchboard is Charles E. Scrib- | E , sT Cannot be burned ont 
‘ . nor affected by oil, 


sal = j her Of the nine thousand switchboard | age ae ‘ho Somer ggaves a: 
— - |patents granted, Scribner holds six hun-| : ’ gasoline, dirt 

| ae Pm aitt MMM Tm ; i At 

_ : 


TU 





























dred or more. It was he who devised the 








first jack-knife switch in 1S7S, although | —— 


pny LH Finan in 157% Joh WR ORO) OD D9 OP Gy 
Sees PR ATT 


1901 J. J. Carty invented the bridging bell 


- 7 ° a method of matting four houses pis a pa 1500*GOOD!ITOOLS 
me terell 1TrTCcSsS gle wire, bie a different signal for each 

~- | house, thus realizing the party line in a Fi D ‘Il H ™ 
The New Principle in Pneumatic Tire Construction ee ne ee 


One of the most remarkable improve 


the first modern multiple switchboard was 








proposed by L. B. Firman in 1879. Joseph} 





Then the screw goes in easily, 
in just the right spot. Mr. Punch 
tames the wild curtain fixture and 
makes a game out of putting up 
shelves or bathroom rods. 


ments in telephone apparatus which has 


been made within recent years is the 
“Load Coil” of Prof. M. IL. Pupin, brought 
out about 1899 Pupin introduced coils 

Mr. Punch is an automatic drill 
that you simply push. A spiral twist 
whirls the tool-steel drill. The 
handle rebounds. There are eight 
different-sized drill-points in handle, 
seen through numbered holes 


in telephone circuits in order to obviate 
the bad effects of capacity, by increasing 
| the self-induction. Thanks to this inven 





tion, it is possible to communicate over 
extremely long distances. Indeed in 1915, 


“Built In” 


Make your car ride easier. 
Improve the appearance of your car. 


telephonic communication was established 


between New York and San Francisco 7 
| with the aid of the Pupin coils. The eco- r U nc 
. . . . . . " ste — 






pomic effect of the invention is remark- 


able. Thin wires were made to work as You Push—He Twists 





effectively as thick wires, thereby saving a? . 
in ° ° 4 aoe : Mr. Punch has 1500 
Give you much greater tire mileage. BEE | millions of dollars in copper. brothers-—all good tools 
G | d ti : An interesting type of speech transmit | where endorse by u 2 
reat y reduce power consumption. 3 j ter is that dependent upon the variations | Ss: ee ——— 
. ° | ai ola O posite es. Sirens . :, ders, screw- 
Fit any standard detachable rim. in a beam of radiant heat or light. Such fm aany pen fates, 


apparatus are designed on the principle levels, bit-braces, cali- 
pers, squares. 

: : é Send for free book on 
when exposed to light or radiant heat. Ex handy tools that make 
home tinkering a pleas- 


that selenium varies in electrical resistance 


The sections above plainly show the advantages of 
N c th ordinary tire. , ri » ere P > > Rell ; : . 
McNaull construction over the y periments were made by Bell and Sumnet use, iantwere dealers 


Notice the great strength of the side walls of : ‘ fi ell N : -- 
the McNaull tire the weakest point in the Painter over thirty years ago, which sell Mr. Punch for $1.50, 
‘ We can send it by parcel 


t ; . 
usual type of tire. No blow cuts or proved that if a beam of light be reflected post if you prefer. 


rim cutting with McNaull Tires. 
from a mirror to a bar of selenium which GOODELL-PRATT CO. 


is in the circuit of a telephone and bat ou~s . 
. Ay st tery, the telephone will repeat words wohantithe, 
spoken to the mirror. Perhaps the most ield, 


I ae red 6} RANTE ED efficient type of photophone, as this in 
“ms sweat A 
>. af , > 


strument came to be called, was that de 
veloped by Ernest Ruhmer of Berlin, about To start 
ten years ago. € a screw 


The Automatic Telephone. 
The history of the first creation and 


subsequent development of automatic tele 
phone equipment, by which connections 





between the various stations in a system 














are established through mechanical means, | 
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period of approximately twenty-seven | 
years, for while as early as 1879 there 
were attempts made to solve the problems 
of mechanical switching, these were abor- | 
tive and led to nothing tangible. It was) 
on March 12th, 1889, that Mr. Almon B. 
Strowger, at that time an undertaker in| 
Kansas City, Mo., filed his first application | 
for a patent covering a system of auto- 
matic telephony, and although the equip- 
ment there described was very crude, it 
embodied many of the essential principles 
found in the apparatus to-day. 

The first specifications cover the termin- | 
ating of subscribers’ lines on contacts ar- | 
ranged in layers or levels on the inside of | 
a section of a cylinder, and of connecting | 
them with other lines by means of wipers | 
fixed on a shaft having a vertical and | 
rotary movement. The first mechanism 
required seven wires from each station to 
the central office mechanism, which was | 
controlled by means of push buttons) 
mounted on the telephone. Pressing one | 
of these buttons the proper number of 
times sent current to a magnet which lift- 
ed the wiper shaft to the desired level. | 
Pressing a second button sent current to 
a second magnet, which caused the shaft | 
to revolve, bringing the wipers into con- 
tact with the line leading to the called 
telephone. <A third button was used to} 
ring the bell, and at the end of the con- | 
versation, the connection was released by | 
pressing a fourth button, which caused 4 
magnet to withdraw the detents which 
held the shaft in position. Strowger was 
not an electrical expert. While his in- 
vention was extremely crude and imprac- 
tical for actual service, it contained many 
possibilities of development. Mr. Alex- 
ander E. Keith, an electrical engineer, be- | 
came interested in the subject. Under | 
his guidance the improvement of the ap- 
paratus began at once, and has continued | 
uninterruptedly for the past twenty-five 
years. 

A review of the history of the adoption 
of automatic equipment shows that the 
first public exchange was installed in La 
Porte, Ind., in 1892. Since that date some | 
one hundred and fifty other exchanges 
have been installed in the United States, | 
especially in the Central and Western | 
States. 

Facsimile Telegraphy and Photo- 

telegraphy. 

Telautography, or telegraphic transmis- 
sion of a facsimile of handwriting, or| 
drawings, and phototelegraphy, or tele-| 
graphic reproduction by a receiver of a 
picture sent by a transmitter are in their | 
present states the slow results of the ex-| 
periments of many inventors during a} 
long period of years. The first device of | 
all, a copying machine intended especially 
for transmitting print, was invented by 
a Scotchman, Alexander Bain, who ob- 
tained a patent for it in 1843. In this} 
each letter was formed by a number of | 
lines, each line being transmitted by a 
special wire. The lines were produced by 
a comb containing insulated metal points, 
which glided over the type to be trans- 
mitted. A similar comb at the receiving 
end reproduced the lines on a chemically 
prepared paper. Bain proposed to copy 
the type with one metal point alone, omit- 
ting the comb and transmitting one line 
after another, but the patent does not 
make clear how the lines were put to- 
gether. Bain’s method was later taken 
up and improved by Bonelli, who exhibit- 
ed his apparatus at the London Exposi- 
tion of 1862. The next and more practical 
copying machine was that of Bakewell, 
who in 1847 transmitted handwriting. | 
Metal foil inscribed with insulating ink 
Was wrapped around a cylinder, the rota- 
tion of which by clockwork caused a metal 
Style to glide over the foil. The same con- 
ditions existed at the receiving cylinder, 
except that chemically prepared paper was 
substituted for the foil. With each rota- 
tion the styles shifted slightly toward the 
axes of the cylinders, and an effort was 
made to keep the rotation synchronous. 

All succeeding copying processes rest 
upon either Bain’s or Bakewell’s theories, 
the first making use of the oscillation of 
& pendulum, the other employing the rota- 
tion of a cylinder. Hipp’s invention (1851), 
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instead of by a human operator, covers a| although ef little practical value, intro-| 


duced a new element, an electro-magnetic 
receiving device to replace the electro- 
chemical one. Every electric impulse from 
the transmitter brought a small electro- 
magnet into action, which caused an auto-| 
matic pen to be pressed against ordinary | 
writing paper. Caselli’s “Pantelegraph” 
(1855) had reciprocating action, metal | 
foil, and better synchronous movement. 
This was the first device to come into! 
actual service, being used for a time be- 
tween Paris and some French provincial | 
cities. The Alsatian, Meyer (about 1864), 
brought out an apparatus with electro- 
magnetic receiver, the novelty being in 
the helix, which takes the place of the 
receiving metal style. This was the first 
electro-magnetic copying telegraph to come 
into practical use. Gérard (1865) devised 
a metal style that moved in spiral lines 
like the needle of a gramophone, but the| 
idea led te no result. Also in 1865 Hubert, | 
a Frenchman, proposed replacing the in- | 
sulating marking on the foil by heavy | 
marking forming a kind of relief. This 
idea was developed later by others. Lénoir, 
who in 1867 proposed an original method | 
of synchronism, is said to be the first tq| 
suggest transmitting photographs by the 
telautograph, after reduction to black and 
white. He was also the first to lay carbon 
paper upon white in a receiver. In 1868 
D’Arlincourt produced an improved syn- 
chronism in which tuning-forks were em- 
ployed for the first time in a telautograph. 
His theory is largely used at the present 
time. In the seventies, Sawyer, an Ameri- 
can, introduced the pressing of the paper 
containing the writing to be transmitted 
on a zine plate, thus making a printing 
plate, also a method of writing in relief 
or embossed lines for the transmitter. Re- 
lief writing was furthed developed by Edi- 
son in the early eighties, and by Denison 
in the middle of the eighties. De Hondt 
(1874) obtained synchronism by using a} 
special line aided by a vibrating pole- | 
changer, and Sheehy (1893) by a special 
line aided by alternating current motors. 
Bain’s idea in the formation of letters was 
revived by Parcelle (1882) and Brooks 
(1884), who used alternating currents of 
different frequencies. Hummel’s teledia- 
graph and the electrograph of Dunlany, 
Palmer and Mills, which appeared at the 
close of the last century, are copying tele- 
graphs with electro-magnetic receivers. 





The telautograph has also proved cap-| 
able of working in connection with wire- 
less telegraphy. The idea was first brought | 
out in the patents of Kiister (1898), and 
Greville-Williams (1899) and was further 
developed by Braun (1903), Pansa (1904), 
Garcia (1908), and Knudsen (1909). In 
all of these apparatus the conductive part 
of the transmitting foil closes the primary 
current of a Ruhmkorff coil by the aid 
of which electric waves are sent out. At 
the receiving end a coherer closes a local 
current during the arrival of the waves 
from the transmitter. Among the telau- 
tographs based upon this method which 
have had practical demonstration are 
those of Berjonneau (1907)), Thorne Bak- 
er (1909), and Korn. 

In another form, the telautograph, in 
stead of copying the original in fine lines 
at the receiver, makes a recording pen fol- 
low the movements of a pencil writing at 
the transmitter. The idea is that the 
movement of the point of the pencil on a 
level surface is made up of two compo- 
nents which can be sent separately by 
quantitative or pulsatory currents and re- 
combined at the receiver. The first per- 
son to suggest transmitting handwriting 
in this way was the Englishman Jones 
(1855); then came Lacoine (1857) and 
Bienayamé (1858), who proposed a separ- | 
ation by rectangular co-ordinates. In 1878 | 
Cowper, an Englishman, made the first | 
actual long-distance writer working on the | 
two component principle, using in it quan-| 
titative transmission. In 1881 Jordery, a| 
Frenchman, demonstrated a model at) 
Paris. In 1885, Robertson, an American, | 
brought out a device which is a develop- 
ment of Cowper’s ideas. In 1886 Hépfner 
suggested separation by polar co-ordinates. 
O'Brien's method (1888) was very much 
like that of Elisha Gray, who in the same | 
year brought out his first apparatus. 


You, Sir! With a Tough 
Beard and a Tender Skin! 


You who know what shaving troubles 
really are—you who actually dread the 
daily torture—the smarting skin, some- 
times raw and inflamed—the ingrowing 
hairs—the objectionable rubbing in—the 
thin lather that dries and flakes—the 


general nuisance and waste of time. 
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We claim that for you 
MENNENS SHAVING CREAM 


offers complete relief from these annoy- 
ances. 
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sary to undergo the torment so familiar 
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We claim that the secret of shaving satisfaction 
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Mennen’s will eliminate your shaving troubles. 
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1) ISCUSSING light-weight motors recently, the 
Ncientific American said: ** Efficiency means light 
weight, reduc ed friction, and above everything else, 
lowered operating cost.”’ 

Cushman Light-weight Engines are to-day recognized 
as the American light-weight, high efficiency, 
ail-purpose motors, challenging comparison in minimum 
weight per horsepower, reduced friction, quality of mate- 
rial and workmanship and cost of operation. 


Cushman Light -Weight Engines 
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I nsine May be Lifted fromTruck 
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Moving 
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even on work of sudden variation in power requirement. 
bath of oil 


parts enclosed and run in 


Cushman Engines are not cheap engines, but they are cheap in the 
long run Ask for free Book 
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distinct advantage possessed by our 
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receives in the “Scientific American.” 


MUNN & CO., Solicitors of Patents and Trade Marks 
233 Broadway, New York 625 F Street, Washington, D. C. 
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Gray’s tranmission was by pulsatory cur 
the 
magnets, 


receiver had two pairs of electro 
the pairs differing in the excit 
ing polarity. Gray’s ideas were 
developed by Tiffany (1895) and 
| Pherson (1897). On very much the 

was Ritchie’s “telewriter” 
Tiffany and Ritchie used quanti 
1902 the 
somewhat similar to Gray’s, 
reproduction in 


rent ; 


Mac 


| principle 
(1899). 
tative 
annagraph,” 
but with a photographic 
a receiver, was brought out by a company 
Cerebotani (1904) 
pulsatory, very 


transmission. In “Graz 


at Dresden. used a 
method by 
to Gray’s. 
The development of the 
graph into a photographic recorder 
a very natural one. Little (1867) was the 
first to suggest a photographic recording 
for telegraphic Dillon 
first proposed a photographic re- 
Cellino (about 


also similar 





tele 
was 


copying 


signs ; 


process 
| (1879) 
ceiver for a telautograph ; 
1901), like Dillon, used a mirror galvan 
ometer in the receiver. The next 
over this was the transmitting of photo- 


advance 


graphs. Four methods can be used in 
transmitting photographs by telegraph. 


which, 
telautographic 
aid of selenium 


in order of practicability, are 5, 
transmission; 2, by the 
in the transmitter, with 
of progressive relays 
clichés; 3, a 
be called the 
telautographic 


use, in some cases, 
of light and intermediate 
relief method; 4, what may 
| statistical method. In the 
| process the photograph to be transmitted 
fis first black and white by 
|means of a glass screen. Carbonnelli, a 


changed to 


Belgian, who brought out (1906) an appa 

ratus with a telephone diaphragm instead 
of a magnetic relay in the receiver, in the 
end confined himself to reproducing black 
and white pictures. Berjonneau and 
| Thorne Baker (the telectrograph with 
|} electrolytic apparatus in receiver), both} 
| brought out methods for reproduci 

| photographs. 


The second method is based on the sensi 


tiveness to light of selenium, a discovery 


made in 1873 by the English engineers, 
Willoughby, Smith and May. Senlecy 
(1877), a Frenchman, suggested applying 


the varying conductivity of selenium un 


der changing conditions of light to the 
telegraphic transmission of a photograph, 


which he proposed to reproduce as a fixed, 


visible object. Bidwell, an Englishman, 
in 1881, suggested a better method in 


which he used the changing resistance of 


selenium to give the values of the picture 
in the transmitter and electro-chemical re- 
selenium cell was im 
proved, Giltay of Delft, and 
(1902) brought out a further 
graphic method. In this a bright light con 
centrated on a portion of a transparent 
film attached to a glass cylinder is thrown 
from a totally reflecting prism within the 
upon a selenium cell at end of 

Rapid changes of current are 


production. The 
especially by 


Korn photo 


cylinder 
cylinder. 
received by a galvanometer at the receiver, 
and the developed picture consists of a 
number of parallel lines varying in tone. 
Frikart (1906) transmitting 
photographs by wireless. 


proposed 


in the relief method variations of light 
and shade are expressed by the heights 
and depths of a relief print which are 
traversed by a By the aid of re- 
sistance devices these differences produce 
variations of current. The 
| first proposed in 1880 by Eaton, an Ameri- 


style. 


method was 
can, who suggested a diaphragm carrying 
a spirally moving style in the transmitter 
and one carrying a pen in the receiver; 
the latter was to be pressed by a magnet 
| upon the paper and the picture produced 
An apparatus with wax 
and wax relief in 
Amstutz 


in a spiral line. 
| cylinder in transmitter 


| receiver was @Gavised by about 


1891; Kiselzka (1896) used a continuous 
current with variation of length of the 
closing of the current. The longer the 


closure the more light fell upon the photo 
graphic plate of the receiver. In 1905 
Sémat proposed a vibrating telephone dia- 
phragm to cause fluctuations of current. 
In 1907 Bélin a Frenchman, 
lograph in the receiver, its movement regu- 
lating the light falling upon the photo- 
graphic film. Senlecq and Tival (1907) 
made some not very practicable sugges 
tions as to the use of intermediate clichés 
(carbon or pigment prints), 


used an oscil- 


further 


same 





but the prin-| 
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superior qualities and exclusive 
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the convenience of automatic filling 
direct from the ink supply. Simply 
raise and lower the lever, with the 
point in the ink, and it fills im- 
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| gether in responding to the lightning dis- 
| charge just received. 


j}aration must be made to meet an in- 


| Morse key with a more powerful form of 
| Hertz transmitter, by perfecting the coher- 
ler of Branly, Lodge and Popoff, and by 
| adding various new devices for protecting 
| the instruments and preventing false op- 


| Although the various elements in rather 
|crude form had been at hand for years, 
| it required Marconi to correlate them so as 


SCIENTIFIC AMERICAN 


ciple of the Adamian method (about 1907) 
of transmitting variations of tone by in- 
termediate clichés has more value. 

In the statistical method the picture is 
into a large number of small | 
squares, the values of which are estimated | 
and sent as numbers or combinations of | 


divided 


numbers in an ordinary telegram, which | 
is then traced out on a correspondingly 
Gras (1897) proposed sucn 
a method for simple outlines. The same 
idea was brought forward by Rickinson | 
ii 1889. In 1895 Willoughly obtained a| 
patent for a somewhat improved invention. | 
A further advance was made by Walter! 
(1897), who sought to transmit half-tones. | 
In 1904 Fortong combined this method | 
with a form of intermediate cliché. In| 
1910 Stolfi and Bissiri made some practical | 
experiments between Chicago and New| 
York by a method similar in principle to| 
Walter’s. 

When Prof. Heinrich Hertz, in 1887, at | 
Karlsruhe, evolved his splendid experimen- | 
tal proof of the Maxwellian theory of light 


| 
| 
| 
| 
| 
| 


ruled paper. 


as an electromagnetic wave phenomenon 
it would have been indeed a wild dreamer | 
who could have foretold even present-day | 
uses of wireless telegraphy. But an ink-| 
ling of the future crept out when, two} 
later, Elihu) Thomson 
that the Hertzian waves might prove val-| 
uable for signaling through fogs or mate- | 
rial objects which could not be penetrated | 
by the shorter waves of light. This idea | 
of Hertzian wave telegraphy was not, | 
however, productive of immediate results, | 
for the inception of radiotelegraphy did | 


years suggested | 


not occur until six years later. 

In 1890 Edouard Branly’s investigations | 
at Paris resulted in the production of deli-| 
eate instruments which had the property | 
of indicating the presence of Hertzian} 
These operated virtually by clos- | 
ing up the tiny gaps between particles of | 
a pulverized metallic mass, upon the ar-| 
rival of waves, and so thereafter received | 
the name “coherer.” A few years later, 
in England, Sir Oliver Lodge repeated the 
experiments of Hertz on a larger scale, | 
using the coherer instead of Hertz’s spark- | 
rap resonator as a responding device. In| 
this work fairly large distances, at least | 
as compared to the earlier experiments, | 
were traversed by the waves in passing | 


waves. 


| from sender to receiver; it appears that | 


the purpose was not telegraphy, however, | 
but rather a further confirmation of Max-| 
well’s theory. 

In 1895, Prof. Popoff of Kronstadt, Rus- | 


| sia, erected an apparatus for the purpose | 
| of observing lightning, and in so doing| 


produced the nearest approach to a| 
usable wireless telegraph receiver that} 
had been built up to that time. Modi- | 
fying the Branly coherer and combining | 
with it a relay, recorder and tapping mech- | 
anism he secured a receiver which would | 
mark upon a tape the time of each dis-| 
tant lightning flash. In addition, his ap- | 


|paratus would automatically prepare it- 


self to record the next flash, by tapping 
the coherer gently and so breaking apart 
the particles which had been brought to- 


Further, his ar- 
rangement included an elevated conductor 
for the purpose of collecting the energy of 
electromagnetic waves due to lightning, 
and a ground connection. It is interesting 
that an essential duplicate of this receiver 
as used twenty years ago is now utilized 
by one of the large power houses in New 
York to indicate the approach of thunder- 
storms and so to give warning that prep- 


creased lighting load throughout the city. 

The very next year, 1896, Guglielmo 
Marconi demonstrated in England the first 
real radio telegraph system which had 


ever been produced. By combining the 


MTT 


eration, the pioneer invention was created. 


to give the world an operable radiotele- 
graph. In the 1896 experimental messages 





were transmitted one and three quarter 
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with interesting details on every phase of its activi 

ties. Learn what big things 
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| being received from the transmitter at any | 


miles across Salisbury Plain; early the 
next year the distance was increased to 
four miles, and soon, by using an earth 
connection with elevated aerial wires sup- 
ported from kites and abandoning the 
parabolic reflectors, signaling was effected 
over nearly nine miles, 

In 18®7 Lodge began the application of 





his earlier work to actual wireless teleg- 
raphy, and on through 1898 produced a 
complete system which was characterized | 
by excellent syntonization at both sender | 
By the insertion of induc- | 
tance coils in the circuit between the ele-| 


and receiver. 


vated conductor and the earth he so great- 
\. increased the persistence and definite- 
that sharp tuning of 


stations and consequently a considerable 


ness of oscillation 


degree of freedom from interference was 
had. The same year, 1897, marked the en-| 
trance into the field of R. A. Fessenden, in 
the United States, and the beginning of 
the development of his system. 
Fessenden’s methods were especially 
notable because of his radical departures 
from the early art as practiced by Mar- 
coni. Instead of using the coherer, which | 
Was operated by the development of a sin- | 
gle voltage, sufficiently great to cause par- | 
tial amalgamation of the particles, Fessen- | 
receivers in which the re- 
sponse Was proportional to the total power 


den developed 


instant. Again, instead of attempting to| 
produce abrupt and rapidly decadent oscil- | 
lations by sudden disruptive discharges of | 
condensers, he directed his efforts toward | 
more nearly or completely sustained | 
waves, and method for| 
their direct generation by means of a very 
high frequency alternator. 


even devised a 


Marconi in 1898 worked out an arrange- 
ment of coupled circuits tuned to vibrate 
in unison both at sender and receiving sta- 
tion, and so made possible the transmis 
sion of large amounts of power without 
sacrificing sharpness of tuning. In this 
Ferdinand Braun, of Strass- 
Germany, worked out a somewhat 


same year 
burg, 
similar arrangement for increasing power 
not to have in- 
cluded the essential of unison in vibra 
tion frequency of the various circuits. 
The general trend of the art was toward 
erection of stations of higher output for 
and on} 
succeeded | 


| 


of radiation, but seems 





signaling over greater distances; 
12th, 1901, Marconi 
in transmitting repetitions of the letter 
“S" (groups of three short impulses in 
the Morse code) across the Atlantic from 
Poldhu, in Cornwall, to St. John’s, New- 
About this same time activity 


December 


foundland. 
and interest in wireless began to 


Forest, in the 


grow 
rapidly. Lee de United 
States, commenced work on arrangements 
of apparatus which were later embodied 
in the equipment supplied to many ves- 
sels and shore stations. Fessenden was 
continuing the evolution of his persistent | 
and continuous wave systems, and devised 
many forms of transmitter and 
receiver which later came into wide use. 
The liquid barretter (electrolytic detector) 
is a product of this period. 

In 19038, Marconi was able to 
transmit actual messages entirely across 
the Atlantic at night, Valdemar Poulsen 
(the inventor of the telegraphone), in 
Denmark, devised a wireless transmitter 
comprising a direct current are burning 
in hydrogen, which produced sustained 
waves and now forms the sending equip- | 
ment of many powerful installations. It 
required about three years for the develop- 
ment of this are oscillator to reach prac- 
ticability; in the meantime, toward the 
end of 1905, Fessenden transmitted the 
first messages both ways between the 
United States and Great Britain, using his 
powerful musical toned spark stations 
near Boston and in Scotland. 

In 1906 deForest commenced work on a 
development of the vacuum tube rectifier 
which Fleming applied to radiotelegraphy 
years before, and termed the new device 
an “audion.” Outgrowths of this receiver 
are now proving useful as telephone am- 
plifiers and very delicate wireless detec- 
tors, and are even used to produce waves 
for short distance transmission by radio. 
At Strassburg, Germany, during this 
period, Max Wien discovered some curious 
properties of transmitter circuits which 


specific 


when 
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were later involved in the Telefunken ang 
Lepe! impulse excitation systems. 

In late 1907 Marconi opened a restricted 
public radio service between Glace Bay, 
Nova Scotia, and Clifden, Ireland, thug 
going into direct commercial competition 
with the Canadian cables for the first time. 
Less than a year later the Glace Bay “cir. 
cuit” was offered for all classes of tele- 
graph traffic, and it has remained ing 
almost constant service since that time. 

The first great life-saving feat to the 
credit of radio occurred on January 28rd, 
1909, when the steamships “‘Republic” and 
“Florida” collided at sea. The “Republic” 
was able to secure assistance by wireless, 
und, though the vessel sank quickly, all 
her passengers were rescued. There have 
been many instances since then in which 
sinking or disabled ships have been able 
to gain help by sending out the radio dis- 
tress signal, and the value of 
equipment as insurance for vessels at sea 
has thus been clearly proved. 

For the four years through 1914 radio- 
telegraphy had the normal growth of a 
young and valuable art; much progress 
in the detail of apparatus was made and 
a number of radical improvements brought 
forth. The Federal Government completed 
its powerful station at Arlington, Va., and 
worked in connection with the Eiffel Tow 
er in a series of important experiments, 
The transatlantic stations at Tuckerton, 
N. J., and Hanover, Germany, nearly 4,000 
miles apart, were put into communication 
early in 1914, so forming the first very 
long-distance link using the ingenious di- 
rect generation machines devised by Ru- 
dolf Goldschmidt. Transpacific commer- 
cial radio by the use of Poulsen are gen- 
erators has been in service several years, 


wireless 


and last year a second wireless “line” be- 
tween San Francisco and Honolulu 
opened with Marconi spark transmitters. 

The cutting of the German cable shortly 
after the opening of hostilities abroad last 
July gave a great impetus to transatlantic 
radio, and at this time both the Tuckerton- 
Hanover and Sayville-Berlin links are in 
Various other uses of radio, 


was 


operation. 
such as the electrical location of enemy 
field wireless stations and communication 
with air vessels at moderately long dis- 
tances, have been strongly emphasized by 
the war, and we may expect in the not dis- 
tant future many additional and valuable 
applications of this interesting mode of 
conveying intelligence. 
The Development of Radiotelephony. 
The transmission of vocal sounds by 
wireless, in radiotelephony, has not yet 
become of commercial importance. This 
branch of the radio art originated in 
America something over ten years ago, at 
the time when the principles of producing 
sustained waves and modifying them by 
the use of telephone transmitters were 
brought forth. The three main problems 
of radiotelephony have been to generate 
uniform radio-frequency alternating cur- 
rent, to modulate it in accordance with 
speech waves, and to interlink wireless 
and wire telephones by means of suitcble 
relays. Each of these difficulties has been 
overcome to some exvent, and among those 
who have contributed largely to practical 
progress are Fessenden in the United 
States, Colin and Jeance in France, Poul- 
sen in Denmark, Majorana in Italy, vari- 
ous engineers of the Telefunken system in 
Germany, and Marconi in England. 
Although imperfections and limitations 
in methods and apparatus used have pre- 
vented widespread adoption of radiotele- 
phony, much can be expected from this art 
in the future. When reliable apparatus 
eapable of talking over 100 miles of sea 
at any time can be secured, it seems prob- 
able that the steamship service will find 
use for speech signaling. And when in- 
struments are finally produced of such 
size and efficiency that spans of 1,000 miles 
or so can be covered regularly, it is not 
difficult to see how great will be the value 
of radio as a trunk link in long distance 
telephony. With wireless “lines” between 
cities, the veice may be transmitted over 
a distortionless ether system which need 
not be charved as an investment, for which 
no depreciation allowances are necessary, 
and which nature herself maintains con- 
stantly in perfect working order, 


— $$ 
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Since 1845 


(Concluded from page 534.) 


shown by the large number of very im- 
portant contributions she has devised in 
the last 35 years, and the increasing num- | 
ber of patents she has taken out in this 
country in recent years, now exceeding 
those applied for by any other foreign na- 
tion. To her sons is due the gas engine, 
the gasoline motor; the crude oil engine 
(Diesel motor) ; the automobile; the Wels- 
bach lamp; the Tungsten lamp; the X-Ray 
machine; the utilization of blast furnace 
gases for of 


the superheating of steam in locomotive; 


operation gas engines; 
practice, the synthesis of indigo; the con- 
tact method of making sulphuric acid, the 
Goldschmidt thermit process, and the in- 
numerable and radical innovations in dye 
making, drugs, and chemicals. 

An interesting of the! 
changing character of our population may 
be 
ventors prominent in the earlier periods of | 





confirmation 


made by comparing the names of in- 
the country’s history with those which are | 
found frequently through the} 
later additions of the Official Gazette. Ful-| 
ton, Whittemore, Bigelow, Blanchard, Hoe, | 
Fairbanks, Howe, Colt, 
testify to the complete | 
of former 
Bettendorf, 
Christensen, 


scattered 


Ames, 
etc., 
predominance 


Campbell, 
McCormick, 
Anglo-Saxon 
while as 


such names 


Tesla, 


times, 
Mergenthaler, Pupin, 
Doherty, Frasch, Gallagher, Conner, Mon- 
not, Krakau, Mesta, Steinmetz, Sauveur, 
and Lindenthal, which 
sprinkled among the names listed in recent 
Official Gazettes, offer proof of the leaven- 
ing that is going on in all departments of 
American life. 


are abundantly 


Converting Night Into Day | 


(Concluded from page 5236.) 


during the late seventies. We have al- 
ready referred to the so-called “incandes- 
cence-are”’ lamps, which mark the off- 
shooting of the incandescent lamp from 
its parent stem, the are. Numerous at- 
tempts, some of them involving much 
ingenuity, were made to produce a suc- 
cessful lamp of the “incandescence-arc” 


type, and much money was sunk in value- 
Dredge’s classic tome, | 
containing rec- 


less patents, 
“Electrical Illumination,” 
ords of all these early patents, abundantly 
One lamp of this sort was De 


as 


testifies. 
Moleyn’s. 
plugged openings for connection to a va- 
cuum pump; into the upper part of the 
globe a tube containing finely powdered 
carbon was sealed; a movable copper wire 


It comprised a glass globe with 


ran through this tube and protruded | 
through the orifice at its lower end (in- 
side of the globe), this orifice being ex- 


actly large enough to let the carbon dust 
trickle through slowly, forming an “incan- 
descence-are” between the copper wire and 
a platinum spiral that came up through 
the bottom of the globe. 

J. W. Starr of Cincinnati, Ohio (a| 
protégé of George Peabody, the philan- 
thropist), tackled in grim earnest the job 
of inventing a practical incandescent elec- 
tric lamp, and his efforts resulted in the 
so-called Starr-King lamp, patented in 
1845, when its inventor was only twenty- 
three years old. Two years later—in the 
very year, by a singular coincidence, that 
Edison born—the ill-starred Starr 
had worked and worried himself to death; 
had he lived to complete his experiment- 
ing, the successful lamp 
might conceivably have been brought forth 
some thirty years sooner than it actually 
was. Starr’s lamp had a Torricellian va- | 
cuum, the vacuous chamber, like that in al 
barometer tube, being formed by the in- 
version of a glass tube containing mer-| 
cury; the “filament” consisted of a stick} 
of retort about one eighth inch 
square in cross-section. The lamp gave a 
good, bright light when new, but black- 
ened rather quickly, and was further han-| 
dicapped by the lack of a cheap, practical | 
System of electricity supply. 

Incidentally, we are told that the first 
electrolier for incandescent lamps was| 
made by Pearce of Boston, about 1842, on 


was 


incandescent 


carbon 


George Peabody’s order, and was used to} descent lighting, and so did Edward Wes- 
inventions. | ton, long before, in the days when he first 


interest capital in Starr's 


costs were brought down, as ways of sim- 
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The Patent Office and Invention | Blectroliers were also shown in England 
j by Starr and Faraday. 


A period of comparative stagnation in 
electric-light development, relieved to be 
sure by Planté’s invention of the storage- 
battery (1860), ensues for the next 
twenty-five years, but with the seventies 
the flood-tide of modern discovery sets in. 
In 1870, three years after Faraday’s 
death, Z. T. Gramme received a patent on 
a really practical direct-current dynamo. 
In 1875 the Sprengel vacuum pump, which 
became almost immediately an important 
factor in solving the problem of success- 
ful incandescent lamp manufacture, was 
introduced. In the following year Lieut. 
Jablochkoff patented his famous “candle,” 
consisting essentially of two vertical 
sticks of carbon separated by a thin fusi- 
ble insulating barrier, across the top of 
which an electric are played. The rated 
life of the various types of Jablochkoff 
candle, which worked on a_ voltage of 
about 42, varied from 1 hour and 20 min- | 
utes to 3 hours and 20 minutes. Thou-| 
sands of these candles were sold, although | 
comparatively few found their way to the | 
United States, before they were driven out | 
by the more modern ares and incandescent | 
lamps. | 

Meanwhile Charles F. Brush and| 
Thomas A. Edison had applied themselves | 
to the stupendous and hitherto unsolved | 
problem of utilizing electricity for general 
lighting Brush exhibited his 
first are lamp of the wonderfully simple 
and successful ring-clutch type in 1877, 
and in the next year produced that other 
indispensable feature of his system, the 
series are dynamo, and started are light- 
ing campaigns all over the world. Four 
later Brush are lights, made in| 
Cleveland, in nightly operation in| 
Shanghai and Tokyo. 

The history of the arc seems incomplete | 
without mentioning the early work of| 
Elihu He invented a 
ator, unique. In 
with it he developed the magnetic blow- | 





purposes. 


years 
were 


Thomson. gener- 


absolutely connection | 
out, which has been extensively employed | 
ever since in controlled, lightning arresters 
and circuit He invented 
an arc lamp and regulator. the 
Thomson-Houston and Brush are systems | 
were active competitors. | 
In 1879 several inventors were working | 
on the incandescent lamp problem, among 
them Sawyer and Man, who experimented 
extensively with filaments 
paper; Lane-Fox, who used 
fibers; Swan, who in February of that! 
year publicly exhibited a lamp with a fila- | 
ment of parchmentized tread ; Weston who | 
worked even at that date with | 
squirted and cut nitrocellulose, and Edison, | 
who tried out substances far too numerous | 
to mention here, but including platinum, | 
lamp-black, tar and paper. One might, | 
perhaps, think that the failures of De| 
Changy, De Moleyn, Starr, and others | 
would have had a discouraging influence | 
on these inventors in the late seventies, | 
but they regarded them merely as light- | 
houses, showing what to avoid. Edison’s| 
famous exhibition of his complete incan- | 
descent lighting system, when the labora- 
tory grounds were illuminated by seven 
hundred lamps, took place late in Decem- 
ber, 1879, and attracted prominent visitors | 
from all over the country. This may be 
considered the crowning, as it the 
closing, event in the progress of illumina- 
tion during the eighth decade. 
Development during the years 1880 to 
1889 rapid and important. Lamp 


also 
Indeed, 


breakers. 





| 
| 
of carbonized | 
| 


vegetable 





early 


was 


was 


plifying and standardizing lamp parts were 
discovered. The price of are light carbons 
was gradually reduced from $240 per 
thousand to about $10 per thousand. The 
art of “pasting” carbon filaments to the 
lead wires was discovered; previously, the 
filaments had to be attached by expensive 
mechanical devices, such as tiny 
nuts, washers, sleeves, and clamps. 

The three-wire system of direct-current 
distribution was first put into commercial 
operation in 1883 at Sunbury, Pa. Who 
invented it is almost impossible to deter- 
mine. Edison certainly developed it as 
part of his commercial system of incan- 


bolts, 
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Armco Iron was 
used in the con- 
tainer or receiver 
of thisgas holder 
erected, in 
1911. by the 
Riter Con- 
ley Mfg. Co 
for the Min 
neapolis Gas 
Light Com 
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A Lot More 


than rust-resistance recom- 
mends Armco-American I ngot- 

Iron for such products as these. 

Workability as well as rust-resistance 
makes Armco Iron the economical 
metal for Gas Holders. Then, too, 
Armco takes and holds the paint far 
better than steel,—a very important 
item in the cost of maintenance. 
The ease of forming, the certainty 
of a superior coat of galvaniz- 
ing added to the fact that 


ARMCO IRON 
Resists Rust 


led L. O. Koven & Brother, 50 Cliff Street, 
New York, to adopt Armco Iron exclusively 
for their high grade Naco Range Boilers. 
Perfect welding (100% of the welds perfect), 
easy workability, the higher grade of galvaniz- 
ing possible, render Armco Iron the material 
most nearly ideal for gasoline underground 
storage tanks such as the one shown here. 


What do you make? 


If it contains sheet metal you can, with interest and 
profit, read our book—‘‘Defeating Rust.’ The y 
coupon will bring it free. Also information as to ba 
the suitability of Armco Iron for your product. . 
If you use products made wholly or partly of sheet 
metal, you should be able to get them of Armco 
Iron from your dealer. If you have difficulty please 
write tous. But don’t put off writing for the book 
“Defeating Rust’’ will be heipful from the day you 
Send the coupon today. 
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The American Rolling Mill Co. 


Licensed Manufacturers under patents granted 
to The International Metal Products Company 


Box 596, Middletown, Ohio 


Branch Offices: Chicago, Detroit, Cleveland, New York, 
Pittsburg, St. Louis 













The trademark 
AKNCO carries the 
assurance that iron 
bearing that mark is manu 
factured by The American Kolling Mill 
Co. with the skill, intellig and fidelity a 
ciated with its products, and hence can be 
to possess in the highest degree the merit 
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The American Rolling Mill Co. 
Box 596, Middletown. Ohio 


Please send me “Defeating Rust’’ and a te ce wi 
Armco Iron is best fe 





The rust-resisting 
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The price 
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Have shipped to every country of the world 
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able work was done by J. 


one of the laboratories of the largest 
American electrical manufacturer, made 
its appearance and served as a sort of 


| appearance. 





| commercially 


large seale In 1866 Mr. George Westing 
house installed the first regular alternat- 
ing-current central station in America at 
Buffalo, N. Y., and during the entire ten 
years under consideration the central sta- 
tion industry was rapidly extending its 
roots and branches. By 1890 electric 
lamps—ineandescent and arec—had made 


their way into every civilized country. 
The nineties, too, were prolific of dis- 

In 1891 the cellulose or “squirt” 

filaments was 


coveries 
process of making carbon 
introduced. Two years later 


a 
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due in the first place largely to Langmuir 
and Orange, working under the direction 


ot Dr. W. R. Whitney in the Re. 
search Laboratory of the General Blee. 
tric Company, has given us _ non. 
vacuum incandescent lamps with effi. 


ciencies deemed utterly impossible a 





few years ago. Some of these big lamps 
the bulbs of filled with inert 
gases, actually take less than half a watt 


which are 


per candle, They are giving the arc lamps, 

particularly of the old open and inclosed 

types, a hard race just at present. 
Although there have been wonderful ae. 


| the cellulose filament generally supplanted | complishments in are and incandescent 


| 





the bamboo. In 1895 came the “chemical 


exhaust” for incandescent lamps, which 
improved their average quality, at the 
same time reducing their cost, and was 
largely responsible for the reduction in 
price of carbon lamps in 1895 from 52% 
cents to 20 cents each. Meanwhile the} 
process of “treating” filaments in hydro 


rendering them more uni- 


their radiating prop- 


carbon vapor, 
form and improving 


had been introduced, although that, 


erties 
too, had been discovered very early by 
hdward Weston. 

As experts and facilities for research 


improvements, first of minor 
importance, but more recently of a revo 
nature, were evolved. The sub- 
stitution of molded bulbs for “free-blown” 
bulbs, about 1892, and the invention of 
the turn-down lamp by Phelps in 1898, be- 


multiplied, 


lutionary 


long, relatively speaking, in the category 
of minor improvements. The first indica- 
tion to the world that the metal-filament 


lamp might eventually supersede the ca 
Dr. Welsbach 
lamp. 


about 1898, when 
his first filament 
Curiously enough, tungsten had been tried 
for filaments as early as 1SS89 by Lody-| 
Tibbets, but 
these did not 
tance of having the metal extremely pure. 


bon came 


produced osmium 


| 
guine and unsuccessfully, - 


workers realize the impor- 





The mereury are lamp was originated | 
Arons in 1892 and later developed to a 
point of practicality 
by Cooper Hewitt. 
The invention of the inclosed are lamp 


by 


greater commercial 


in a practical form was announced at an 
electrical convention in 1894, when L. B. 
Marks described the first inclosed are 


lamp embodying the points that made it, 
for a period of about ten years, the fa- 
vorite unit for high candle-power lighting 
in America 
In 1899 the Bremer flame are was an- 
nounced, and in the following year Bremer 
exhibited at the Paris Exposition a model 
ar 


having four impregnated carbons, so 
that the light produced was 
downward. The “vellow- | 
with carbons impregnated with 
outgrowth of 
giving 


ranged re- 
flected 


flamer,” 


modern 
compounds, is an 
lamp. Flame 

light of various colors have also been de- 


ealcium 
Bremer’s -~arbons 
veloped, such as those containing salts of 
strontium,-giving a pink light, or those of | 
barium, which give a white light. The 
best-known of all the luminous ares, how- 
ever, is Steinmetz’s invention, the “Mag- 
netite,” the electrodes of which are com-| 
posed of metals and metallic oxides, with 
It is essentially | 


out any carbon “body.” 
a direct-current lamp. 
The discovery of ductile tantalum came | 
from a German laboratory in 1901, and! 
the first experimentally successful tanta- 
lum lamp was constructed a year or so 
lamps were not | 


later, although tantalum 
in a condition to be placed on the market 
for several years more. 

Meanwhile, in 1905, the “metallized” car- 
bon lamp, in connection with which not- 
W. Howell in 


stepping-stone to the lamps of still higher 
efficiency that were about to make their 


In 1907 came the pressed-filament tung- 
sten lamp, for which we are indebted in 
a great measure to two European invent- 
ors, Just and Hanaman. This lamp, un- 
der the hands of such men as Dr. W. D. 
Coolidge, Dr. A. Pacz, and a host of other 


experts, has gradually evolved into the 
strong, durable, cheap drawn-wire lamp 


of to-day. 


The newest line of development, 





very 


| so the one I had formulated. It 


| lighting during the past century, yet we 
}all share more or less the attitude of Mr. 
Edison, who, in the course of a conversa- 
| tion with the writer, remarked: “I don't 
| like to go into things connected with an- 
cient history, or the dead past—what I 
rm interested in is the future; in what is 
going to happen to-morrow.” And assur- 
edly there is much to be done. Scientists 
find that the most efficient are and inean- 


} 


descent lamps of to-day waste something 


j like 85 per cent of their incident energy 
in other forms than light—from an effi- 
ciency standpoint they are outshone by 
the common firefly. So the curtain of 
mystery still velis the lamps of our 
descendants. 

Some Personal Recollections 
(Concluded from page 537.) 

a lightning flash. In an instant I saw it 


all, and I 
the in 
my fundamental patents of May, 1SSS8, and 
which Szigety understood perfectly. 

difficult for 
the 
true light and significance for it is so 


drew with a stick on the sand 


diagrams which were illustrated 


to 
in 


It is extremely me put 


this experience before reader its 
altogether extraordinary. When an idea 
itself it is, 
Birth, 
ment are phases normal and natural. It 
In the 


became conscious of it. I 


as a rule, crude and 


presents 


imperfect. growth and develop- 


was different with my invention. 


very moment I 
saw it fully developed and perfected. Then 
again, a theory, however plausible, must 
Not 


wus being 


usually be confirmed by experiment. 
daily demonstrated every dynamo and mo- 
tor was absolute proof of its soundness. 
The effect My 
imaginings were equivalent to realities. I 
had carried what I had 
and pictured myself achieving wealth and 
fame. But 
the revelation that I was an inventor. This 
was the one thing I wanted to be. Archi- 
I admired the works 


on me was indescribable. 


out undertaken 


more than all this was to me 


medes was my ideal. 
of but to 
only and 


mind, they were 
The 


ventor, I thought, gives to the world crea- 


artists, my 


shadows semblances. in- 
tions which are palpable, which live and 
work. 

The telephone installation was now com- 
pleted and in the spring of 1SS2 an offer 
was made me to go to Paris, which I ac- 
Here I 
whom I 


number of 
Americans to 
whom I talked of my invention, and one 
of them, Mr. D. Cunningham, proposed to 
form a This 
might have been done had not my duties 
It was in 
first 
material 


cepted eagerly. met a 


befriended and 


company for exploitation. 
called me to Strasburg, Alsace. 
this city that I 
tor. I had brought 
Paris, and a disk of 
made for in a 
to the 
was installing the light and power plant. 


constructed my Ino- 


some from 


iron with bearings 


was me mechanical shop 


close railroad station in which I 
It was a crude apparatus, but afforded me 
the supreme satisfaction of seeing, for the 
first time, rotation affected by alternating 
currents without commutator. I repeated 
the experiment with my assistant twice in 
the summer of 1883. My intercourse with 
Americans had directed my attention to 
the practical intreduction and I 
ored to secure capital, but was unsuccess- 
ful in this attempt and returned to Paris 
early in 1884. Here, too, I 
ineffectual efforts, and finally resolved to 
go to America, where I arrived in the sum- 
mer of 1884, By a previous understanding 
I entered the Edison Machine Works, 
where I undertook the design of dynameos 
For nine months my regular 
hours were from 10:30 A. M. till 5 A. M. 
All this time I was getting 


endeav- 


made several 


and motors. 


the next day. 
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Q more and more anxious about the inven-| OC = 70 


a | 
— tion and was making up my mind to place} = go i" 














































| | it before Edison. I still remember an odd | = Pee oe i 3 
Ginza bbe aaah ; 2 E 
Thousands of critical 4 MIXTURE incident in this connection. One day in 
amokers buy > . 
re XT E the latter part of 1884 Mr. Bachelor, the | | © 
EUTOPIA MIX UR — manager of the works, took me to Coney Hil 
. 2 onl becaus e they cannot get it Re - i Hl 
Oe ae havor, areaee and quality pnp 77 Island. where we met Edison in company | l 
ta An ar omatic blend of the choicest North Carolina. . i | 
Virg Kentucky, Turkish, Perique, Latakia and Ha with his former wife. The moment that T| H 
vana t& co “Aged not flavored t ni? } , i 
for 1 th. at our risk. Smoke ten pipefals, and If you like was waiting r Was pr S, f yas i ~ 
tot, se sein dian siamo Speer eemeatens ff | way Weare e or Was Dropitions, and I wa Preserves Roads 
ex * " ou send the money with order, please give us abou IS WK, When a rri > 5 .- ~J 
ee coi ee wile ag np Padlgpenie thon, Prevents D, 
Tore ‘ is -medium, mild and extra mild. If you want ing tramp took hold of Edison and drew 
tisfaction, write today. Booklet on request. s . . ‘ 
CAMERON TOBACCO CO.. Semmes & 9th Sts., Dept.C, Richmond. Va. | Him away, preventing me from carrying| 
ie ; : ; . 
|}; out my intention. Early in 1SS5 people 
rench Briar Pipe “ rethony 
approached me with a proposition to de- 
with first order 
velop an are light system and to form a 








wien a company under my name. I signed the 
I am the Silent- Dayton contract, and a year and a half later I 


successor to hand pimps, wind was free and in a position to devote my- 
mills and water lifts . 












‘ self to the practical development of my 
I will pump your water fo the ’ 





bath room. the laundry and the discovery. I found financial support, and 

kitchen sink im April, 1SST7, a company was organized 

naka gee faa for the purpese, and what has followed he 

green since is well known Water and River Sts... Manistee, 3 


lam a willing servant—a guardian s > 

to health pct Ha and safety vere made upon the issuance of my pat 
A few cents each month or ents in 1888, and in numerous suits con-| e 

electricity—a few drops of oi! ducted subsequently. There were three | ity anagel SaYS— 


each year—is all that | require . . “e 
‘ ws contestants for the honor, Ferraris, Schal- 
I am a member of the dependable line of 


I will fight fires—if necessity A few words should be said in regard to Both treated with Tar 
demands the various claims for anticipation which W hat a 








lenberger and Cabanellas. All three sue- ANISTEE is one of those progres streets afe now in a more satisfactory con- 
cumbed to grief. The opponents of my | sive, modern cities which have taken _ dition than for several years.” 
patents advanced the Ferraris claim very | their municipal administration out of Signed) CHAS. E Ri GER 
a h politics and vested it in an appointive city City Manager 
strongly, but any one who will peruse his 
. : manager 3 j 
Tarvia is made in several grades to meet 


little Italian pamphlet, which appeared in 
varying road conditions. 


We have issued a text book on Water Supply. One of the first problems to which this 





; . the spring of 1888, and compare it with , 

If you use an old-fashioned hand pump or an unsightly tl pair i filed | th expert devoted his attention was to street The testimonial above refers only to the 
wind mill to pump your water from well or cistern, lake ae patent record Hied by me seven montas paving. Evidently he determined upon a dust-laying and road preservation work 
or stream ——get this book—it tells of a better way. hefore. 1 itl ; 5 Seca — J mn me 
: vfore, and with my paper before the modern, economical program, for in sub which has been done with “Tarvia A 

ou are using a water motor to pump your rain . . . . . . “ oe 
wine you are losing money that this book will tell American Institute of Electrical Engi- “~ " — ot ee oh Tee ont * Teva 

' ; ; : 0, 19 
you how to save neers, will have no difficulty in reaching a 20, 1914 A very large yardage of road was con 
If your city service does not provide high-pressure : . s : . . } is ala 
for upper floors. fire protection or sprinkling, send for conclusion, Irrespective of being behind ““We have covered about ten miles of once oo ol a “x sane 
“Water Supply" and read pages 12 and 13 me in time, Prof. Ferraris’s publication paved streets during the present. summer gving excelent and satistactory results 

This Book ar ; F % 4 months with ‘ Tarvia B’ and sand, and The supremacy of Tarvia-bonded 

Mailed R t concerned only my split-phase motor, and - : 

ai on Reques : r ; f ' z Tarvia A’ and stone dust. Results have macadam over old-style macadam is now 
tells how and at what cost a town in an application for a patent by him} been very satisfactory. Manistee’s paved _ universally recognized. 


or country home, office or apart- | 
ment building, country club, green- 
house or factory can be equipped 
with watersupply. Send forcopy 


priority was awarded to me. He never 


suggested any of the essential practical} 
| Special Service Department 


today, especially if you are plan- features which constitute my system, and} 

ning building improvements ‘ M ¢ . In order to bring the facts before taxpayers road conditions or problems m your vicinit ; 
Y in regard to the split-phase motor he was as well as road authorities, the Barrett the matter will have the prompt attents ' 

THE DAYTON PUMP 7 lecided i : — hat i , . Manufacturing Company has organized a experienced engineers. T his service is free for 
AND MFG. CO. very decided in his opinion that it was of Special Service Department, which keeps the asking 

7 2 : no value hot Verraris and Schalle up to the minute on all road problems. If If you want better roads and lower tax 
637 West Fifth St. Dayton, Ohio ; . x I h F sistas “ and - h ul 25 you will write to nearest ofhce regarding this Department can greatly assist 
berger discovered the rotation accidentally . seoeee 


New York Philadelphia 
wi oo ‘i owl while working with a Gaullard and Gibbs 
ausformer, and had difficulty in explain BARRETT MANUFACTURING COMPANY 


THE AUTOGLAS The Only Com- transformer, 





























fortable Goggle ing the actions. Neither of them produced New York Chicago Philadelphia Boston St. Louis Cleveland Cincinnati 
The Only Efficient a rotating field motor like mine. nor were Pittsburgh Detroit Birmingham Kansas City Minneapolis Salt Lake City Seattle 
Eye Protector their theories the same as my own. As [HE PATERSON MFG. Co., Limited: Montreal Teronto Winnipeg 
The hinged centerpiece “A P - Vancouver St. John, N. B Halifax, N.S Sydney, N.S 
which is the distinguishing | to Cabanellas, the only reason for his wl 
feature of the Autoglas allows the lenses to conform to the curves P . . . 
ot the face and excludes all dust, wind and flying particles. The | Claim is an abandoned and defective tech BE : —— 
lenses are ground glass and curved in shape, ensuring comfort 3 : 7 
and periect sight and allowing unobstructed vision in all directions. | nical document. Some over-zealous friends oe aa 
Over 40,000 in Actual Use have interpreted a United States patent 
For Sale by All Opticians, Motor Supply Houses and granted to Bradley as a contemporary rec 


porting Goods Dealers 


Dept. E ord, but there is no foundation whatever 
F.A.HARDY &CO. Box 804 CHICAGO, ILL 


for such a claim. The original application 
only described a generator with two cir 
cuits which were provided for the sole pur- 
pose of increasing the output. There was 
—sold on 30 days’ free trial and guaran- ” 
teed 10 years. Powerfully constructed, 


easily and economically operated. Ellis 
E gines operate successfully on cheap 


not much novelty in the idea, since a num The Only Patented 


|} ber of such machines existed at that time. | 





erose heand distillate. Yvert als ~~ | ° 4 . 

izontal types from 134 H.P.to 18 . To si : LeSe achines ‘re ¢ ici . 

Scus for free booklet, *"Kugine Pasta” ee SS Se ee ee ee Face Brick in America 
ELLIS ENGINE COMPANY M4 pations of my rotary transformer is wholly 


2000 £. GRAND OOULEDARD, BETHOCT, HER, unjustified. They might have served as 


Mari one of the elements in my system of trans pt We have the only face brick whose dis- 

setae peep formation, but were nothing more than fee —tnctiveness has been officially recognized 
E ngines dynamos with two circuits constructed . . 8 

by the government patent office. The pe- 


\“ America’ dard : Piaget P 
: aos Sas 6 Crete Mesias Dieter - with other ends in view and in utter ignor 


. es ance of the new and wonderful phenom py: fii culiar texture makes each brick cast itsown 
Saat ae jog on request ena revealed through my discovery. ay 
conan re ean an bt 47 Bo We oe lights and shadows. This produces the 


The Development of the Dye wonderful blending qualities found only in 


0 DAYS FREE TRIAL Industry “ ° 
roe ht prepaid on the new 4 rt d 1 “a > 
\) ont GER icicle.” Write at once for By M. L. Crossley, Sc.M., Ph.D., Associate so a “ reendalie ug ric k 








ees area Professor ef Chemistry and Acting : ay 
latent propositions © WRITE TODAY. 0 Head of the Department, Wesleyan Rear ay By their use magnificent color combinations are 
big money taking orders for bicycles and University, Middletown, Conn. | oe afforded. These brick give any structure a re- 
: tolntrod ce the new “RANGER? T this time when the entire public is in fi t / th and tisti lividuality tl 
thing inthe mont, ous Seno and every- A a eae aye ah nemen » Warmtmn an arus ic individauall y at 
prices on Motorcycle and Automobile Supplies 5 feverish excitement — our ne wh; ; unt istakably marks the architectural taste ol the 
MEAD CYCLE CO., DEPT N-175, CHICAGO realized dependence upon Germany for haiidies  Tiesshetel claaletdis clement Ginnie 
dyes and organic chemicals it is not amiss ’ . 
to call attention to the marvelous triumphs Greendale Rug Brick are designed to con 
of chemists in the development of the dye form to Nature's laws in the growth and formation of 
industry. In spite of the fact that in our trees, plants and verdure in interwoven vertical lines 


enormous coke production we have almost : : 
‘ Write for special color sheet showing these 
: y : i bricks as they are, in the beauty of their actual 
tchoole stunted in able for the manufacture of dyes and or- colors, or ask your architect about them. 
of Chi- ganic chemicals, this industry has not made 
MEDI ; . a 4 } 

cago. MEDICAL SCHOOL in hospital center much progress in this country. This is Hocking Vailey Products Company 

oceans Wane Se ceiamien tae not because of any inferiority on the part } D. E. REAGAN, Pres C. C. WALTERS, Sales Mgr 
Schoo “ . of American chemists to solve problems ; _ * : 
40,000 volumes, ‘Caras Litercl Ares shoresel ee ee See ee | 181 South High St. Columbus, Ohio 
I en wy Large gymnasium, mew dormitories. of this type, but rather, because circum- 


an unlimited supply of by-products suit- 


stances have been more favorable for the 
development of other industries in Amer- 


Summier School and Evanston Academy, lica. The thorough organization of the 


E.S. BRANDT, ty Bid ee pres : 
“aha Toate gg mcmama e- dye industry abroad, backed by govern- 





ment support, made it impossible for our 
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A Dollar Then 


—a Dollar Now 


In the fiftieth anniver- 
sary number of the 
Scientific American, 
printed just twenty 
years ago, therewas an 
advertisement of the 
Ingersoll Dollar watch, 
In the twenty years interven- 
ing most everything else we 
have to buy has increased in 
price without improving in 
quality. 

The Ingersoll Dollar Watch 
is still the same price but it 
is a finer, thinner, more ac- 
curate watch thanit was then. 


ANNUAL RAHUL 





the Money You Need 


You'll have to work for low wages all your life if you 
depend upon your hands to make your living. Toearn 
more money you must have the spectal training that 
will enable you to get and hold a better job. 


The International Correspondence Schools will give you this 
necessary training in your own home, in your spare time. They 
will fit you for a detter position, where you can earn more money. 


If you wu 
present occupation, 
will give vou the 
will entitle you to promotion. 
your present work is not 
genial, the I. C. S. will qualify 
you for a good position in the 
kind of work that you like. 


Mark the Coupon 


INTERNATIONAL CORRESPONDENCE SCHOOLS 


ant to advance in your | 
Box 942, Scranton, Pa 


the I. C. S. 


. I 
training that. tuuatify for: 
leetriecal Engineering 

If | 

! 

| 

' 

| 


Expla further at art, how I ca 

“ I mark x 
SALESMANSHIP 
ADVERTISING 
Window Trimining 
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€ position before 
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relephone Expert 

I Engineering 
ical Drafting 
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ILLUsSTRATIN 
Designing 


| 
I 
| 
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Gas Engines 

OLVEL ENGINEERING 
surveying and Mappin 
WINE POREMAN & SUPT. Ntenography & Typewriting 
i er Accounting 
nercial Law 
nglish for Everyone 


stationary Engineering 
ARCHITE* ! 
Buallding Contr: 
Arehitectural Drafting 
Concrete Fagineering 

Struetaral Engineering 


| 
I 
| PLUMBING & HEATING 
| 
I 
i 
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Teachers Course 
English Branches 
OCLVIL SERVICE 
AGRICULTURE 
—~ POULTRY 
Chembstry 


Spanish 
flierman 
AUTO RUNNING 

Motor Boat Kunaning 





W hat occupation attracts you yr vhat 

position do you want? Mark it and m ini 

the coupon n w, and le arn how the I. ¢ 5 : ” - 
can help you to earn the money you need A Ne 
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manufacturers to compete on a satisfac- 
tory basis. 
The dye industry 


From the dawn of human intelligence the 


is by no means new. 


desire for adornment which could rival 
nature in beauty and variety of color has 
been evident. It is not improbable that 


Eve herself was impressed with the splendor 
of Mother Earth’s marvelously beautiful 
colored garb and selected her own first 
cellulose gown after the same pattern. As 
far back in can pierce we 
find evidence of colored fabries having been 
certain that the art 
Ancients 
pride 


Antiquity as we 


worn and it is quite 
of dyeing was practised by the 
with some skill and with no little 
Wrappings of the mummies found in the 
tombs of Thebes, 
1000 B.C. 
was 
quality. 


estimated to have been 
, bear witness to the fact 
that used to dye muslin of 
unusually fine Evidence of the 
continued use and appreciation of dyes by 
the ancients is not wanting. The book of 
written 1490 B. C. 


in use 
indigo 


Leviticus, supposedly 


| chapter 13, lends support to this view when 


it records the use of textile fabrics of beauty 


and strength. In the book of Genesis, 
written probably about 1723 B. CC. We 
lread, chapter 37, 31, “‘Now Israel loved 


| 


jhim a coat of 


| tains of fine 


jings of 


Joseph more than all his children, because 
and he made 
Evidently 
colors was a garment highly 


he was the son of his old age; 
many colors.” 
a coat of many 
therefore appropriate for the 
expression of Blue, purple, 


, and red seemed the popular colors. 


prized and 
Israel's love. 
searlet 
The — of Exodus, chapters 25, 26, 27 
, describes the specifications of the | 
Lord 


and « 


tabernacle which the commanded | 


| Moses to build and therein it is prescribed 


tabernacle must have “‘ten cur- 
twined linen, 


with loops of blue,”’ | 


that the 
and blue, and 
purple, and scarlet 
that the 
“‘ram’s skin dy that there be 
vided a “veil of blue, and purple, 
searlet.”” That the tent have “ 
for the door of blue, and purple and sear- 
let;’’ and also that “the gate of the 
20 cubits of blue, and 
purple, Frequent other ref- 
erences may be cited to show that, at least, 
blue, red, 
to the 
Theophrastus, 


must have a covering of | 


ed red;”’ 


tent 
pro- | 


and 


an hanging 


eourt 
have an hanging of 


and scarlet 


and scarlet 
The writ- 
Disecorides 


the colors, purple, 


familiar ancients. 


Homer, 


were 


|and the elder Pliny lead us to suspect that 


the art of dyeing was first practised by the 
Indians and that from them the Phoeni- 
cians acquired it and transferred it to the 
Egyptians from whom the Hebrews learned 
it. It is quite certain that the Egyptians 
practised the art of dyeing as early as 2500 
B.C. The Chinese seem also to have pre- 
pared certain dyes and used them to dye 
silk at a very early period. 

The popular demand for colored clothes 
has eontinued throughout the ages and 
come down to us as a genuine inheritance. 
To the Roman love for conquest we owe 
much for the freedom of the art of dyeing 
from the mysticism and secrecy of the East 
and for its throughout 
Rome was schooled in the art by 


dissemination 
Europe. 
the Jews and unintentionally passed it on 
to the peoples whom she conquered. Colors 
played no little part in the social and relig- 
ious life of the Purple, in par- 
ticular, was highly esteemed and set apart 
for the distinction of nobility. One writer 
says: “It is for this color the fasces and 
axes of Rome make way in the crowd; it 
is this that distinguishes the Senator from 


people. 


the man of equestrian rank; by 
arrayed in this color are prayers addressed 


in every garment 


persons 
to propitiate the gods; 
it sheds a luster, and in the triumphal vest- 
ment it is to be seen mingled with gold.” 
Pliny is also authority for the information 
that this color was prized highly by the 
Romans. He says, ‘Pearls may be looked 
upon merely as an everlasting possession; 
of everlasting duration; they descend from 
man to man, and they are alienated from 
one to another just like landed estate, but 
the colors which are extracted from the 
Murex and Purpura fade from hour to 
and yet luxury which had similarly 
upon 


hour, 
acted as a mother to them has set 
them prices almost equal to those of pearls.” 
The Murex and Purpura referred to are 
species of molluses from which the purple 
Romans was extracted, it 
give 1.4 


dye used by the 
requiring 12,000 
grammes of dye. 


molluses to 
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ENGINES 





The water of Tyre was | 


DOING THE WORLDS WORK 


ESS pprmper Fuel ¢ 
B the big cites & 
pkeey 


EMER 
BESTS 


NGINE 


BESSEMER ENGINES RUNNING TODAY IN 
FIFTEEN THOUSAND POWER PLANTS 











Lower Prices: 
$34.95; 3 H-P $52.50; 
6 H-P $97.75; 8 H-P $139.65; 






2h? 
4 HP $89.75; 
12 HP $197; 16 H-P $308.80; 22 H-P $389.65. 


\ Portable Engines Propertionally Low. 
Buy Direct; Cash or Easy Terms. 
“2 WITTE Engines 
—— 
Gasoline, Kerosene, Distiilate, Gas, 
Detép lower rice, WITTE engines use fess fuel 
per hour—from one-fourth to one-third less 
jek saving in a year to pay entire cost of engine 
Easy starting; no cranking. My 28 years engine 
building makes this higher quality. » Write for my 
New Engine Book, yt 
you buy an engine of an: 
— H. WITTE, 
itte Engine Works, 
art 6 Oakiand Avenue, 


ay return mail, before 




















H P we ” A. Sold direet , — 
from factory te vou, freight paid. 
Origina thoard tor—tenth vear— 


WATERMAN MOTOR 00, 
261 Mt. Elliott Ave. 
Detroit, Mich, 


Launches of Rowboats 


sip mye 2 attac hed. Has five mechanical speeds 
ard, a neutral and two reverse — 

-pping or altering speed of 
*ush-button controlled. Magneto buitt 
Silencer o st. These and 
ved in catalog No. 
30 H. P. shown 





Get Into Business for Yourself 


Have you worked all your life for the 
other fellow? Who's got the profit? 
He has? Well, there's more opportu- 
nity today in the well-drilling business 
than ever before. Geta 


STAR DRILLING MACHINE 
Gasoline 


Portable--Steam or 













Go into business—hold your own 
profits. You've got the brains and 
ability All you need is the 
outfit. It is part of our busi- 


ness to help you. If you will 
write us we'll give you sug- 
gestions gained from over 
thirty years’ experience 


STAR DRILLING MACHINE CO 
508 Washington St., Akron, Obie 
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Smith & 
| Wesson 
Automatic 


Doubly safe 
— 
Safe when you 
need it; safe 
when youdon’t 





The limit of safety 
against intruders and 
wild beasts, carelessness 
and children’s curiosi- 
tv. You can’t shoot 
unless you mean to. 

Kasy to aim, easy to 
load, easy to clean, 
accurate and reliable- 
same as all other Smith 
éF Wessons. 


had Gset your dealer to show 


uu ft pecial features 


of the Smith & Wesson 





f Riet on request 


SMITIL & WESSON 
805 Stockbridge St. Springfield Mass. 











Every Smith & Wesson is the Best of its kind 

















The Eight Cylinder 140 Horse Power 


PEG. VU. 6. PAT. OFF.) 


AERONAUTICAL MOTOR 


is the most powerful engine in this country that 
has been thoroughly perfected and tried out. 
Bec ause of its extremely compact design it occupies no 
more space in a machine than other 90 H. P. motors of 
the same type 
Sturtevant aeronautical motors embody the latest Euro- 
pean practice 
Used by the U. S. Army and Navy and all the leading 
aeroplane manufacturers 
Built by the largest concern in the country manufactur- 
ing aeronautical motors 

Complete Specifications on Request 


B. F. Sturtevant Company 
Hyde Park Boston, Mass. 














When your own painter suggests 


Zinc 


for the paint he is going to use 
on your house, it is a sign that 
he is negotiating for all your 
future work. 


““Your Move’’is a book that supplies suffictent 


nformation for you to act upon. 


The New Jersey Zinc Company 


Room 421, 55 Wall St., New York 


Forbig cor tract yobs consult our Research Bureau 





| 


| 


jseed, berries, nuts, lichens, blood of shell- 


lisatin was obtained from indigo. This 


jing to one writer of the first century, a} 
| pound of twice-dyed Tyrian Purple could 


| famous for Murex and the dye was cn * 
| 
| 


| dve industry witnessed chiefly the develop- 
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Tyrian Purple. Cloth dyed with Tyrian 
Purple was extremely expensive. Accord- 


not be purchased for less than 1,000 denarii | 
or approximately $170 in American money. | 
The first period in the evolution of the | 


ment of the art of applying natural dyes 
of animal and vegetable origin to different 
fibers. The ancients made woven fabrics 
of wool, silk, linen, and cotton with a con- 
siderable degree of perfection. On these 
they endeavored to imitate the beauty of 
nature with the coloring matter of certain 
herbs, roots, stems of plants, bark of trees, 


fish, ete. Their methods of dyeing in- 
volved practically no understanding of 
chemistry. A dyer was an artisan and not 
a chemist. Much dye was wasted in the 




















dyeing processes and it was practically im- 
possible for even the most skilled dyer to | 
exactly duplicate a color. The same dye | 
gave several different results on a similar 
fiber. 

Throughout Europe the industry de- 


The Liquid Chemical Concrete FLOOR HARDENER~ 


At Last— 


Send We have originated a chemical treatment for hard- 
it. ening and dust-proofing finished concrete floors, either 
old or new, by converting the Portland Cement into a 
granite-like mineral. 


veloped rapidly, contributing in many cases | 
to the social well-being and economic pro- 
gress of the people. Color continued to be 
a recognized mark of class distinction. The | 


Flemish people became adept in the art We prevent the sand or other aggregate froin being 


rolled out of its bedding bv the friction of walking 
or trucking. 
A chain is no stronger than its weak- 
est link. Lapidolith strengthens the 
Portland Cement—makes it hard as 
granite. 


Lapidolith is now in use in such concerns as the Bethlehem 

Steel Company, Ford Motor Company, Beech Nut Pack 
ing Company, American Woolen Company and numerous 
others in every line. Investigate Lapidolith 


—Write for FREE Sample Bottle, Testimonials and Literature 


L. SONNEBORN SONS, Inc., Dept. 62 


Makers of Lapidolith and the well-known washable wall coating —Cemcoat 
262 PEARL STREET NEW YORK CITy 


ee ee 


of applying dyes and are credited with 
developing it in England, Seotland, and 
Ireland. 


Natural dyes were extensively prepared 








and used. The cultivation of madder and 
indigo was an important business down to 
the latter part of the nineteenth century 

when alizarin and indigo were synthe- 
sized and introduced on the market in ecom- 
petition with the natural products. In 
1868 France produced over eight million | 
dollars worth of madder. Eight years} 
later the production ceased. Natural in- 
digo was not quite so easily disposed of. 
Its production, however, reached its maxi- 
mum in the year 1896-1897, when there | 
were 640,000 hectares (1,581,440 acres 

under cultivation. The yearly consump- 


= a 
‘€ Ti ae 


tion of indigo was about twelve million 
pounds. Since 1900, synthetic indigo has 
practically displaced the natural product. 

The second period in the development 
of the dye industry began with Woulfe’s dis- 
covery of picric acid in 1771. This was a 
glimpse into a new world of thought and 


When You have read this Book 
(Sees 


you have visited ten of the 
country’s prominent and pro- 
gressive business establish- 
ments. You have inspected 
factories, wholesale and retail 
houses. 


i 


activity and consequently we should not be 
surprised to find that further discoveries 
of great importance did not immediately 
follow. Woulfe’s process for the  pro- 
duction of picric acid, by the oxidation of 
indigo with nitric acid, was too expensive 


ee FN SE 


to be used commercially and picrie acid 
was not satisfactorily produced until many 


3's) 


; ; rs 
years later, when it was discovered that it ; | 
: , 2 You know their entire systems of | 

could be obtained cheaply by the nitration 
g . eR interloor transportation You have 
of phenol, a coal tar product. Woulfe’s " B 

learned in particular of one improve 
discovery, however, stimulated other chem- 


. ment adding hundreds of dollars to 
ists to work on indigo in an attempt to , . 
‘ ae Pig each year's profits. You have a 
find out its composition—the most im-} 

portant of the early work being that of | 
Chevreul in 1810; that of Erdmann and 
Laurent in 1841; and that of Erdmann in 


1842. As a result of this pioneer work, 


quired information worth months of 
personal investigation and its attendant 
expense. You have acquired this tn 
formation in a few minutes and at no 
cost when you have read the book, 


OTIS 
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j 


discovery pointed to the possible relation | 


between the indigo molecule and that of 
isatin and was an important contributing 
factor in all the later synthesis of indigo. 
The impetus to investigation of the nature 
of dyes had been given and, as a natural 
consequence, the activity in the dye in- 
dustry shifted from the art of extracting 
and applying natural dyes to the study 
of the scientific principles involved in the 
production and application of synthetic 
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“We'll just put him on Sanatogen” 


W hat a happy thought prompted that decision! He wasn’t his ‘‘old self”’ 
at all—and try to mask it as he might, his face showed only too well how 
poorly he felt. And so when a friend—with conviction born of experience 




















—spoke of Sanatogen, they ‘‘put him on Sanatogen. 

Sanatogen--combining the tissue-building properties of a FOOD with the 
nvigorating qualities of a TONIC—rejuvenated his appetite, improved his 
digestion. brought rest to his nerves, made good the over-drafts upon his 
energies and little by little brought back that old-time vigor and sprightliness 
and \ 
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lof the 


synthetic-dye industry. 


manufactured on an industrial scale 


ear following its discovery and it immedi- | 


ately became a commodity in great de- 
mand. Chance happened to play a con- 
siderable part in Perkin’s discovery, con- 


sequently, exact scientific methods did not 
receive just recognition at the time and the 


youthful synthetic-dye industry began lift 


in England without the support of pure 
science. This is a very important fact and 
partially explains why the new industry 
found German soil more conducive to its 
full development 

Like England, France was also a pioneer 
in the manufacture of synthetic dyes, but 
she gradually lost her grip on the industry, 
in competition with Germany, because of 
her inability to withstand the German 
organization; because of her careless neg- 


leet of pure science in connection with the 
nthetie dyes; and because 
initial struggle of the 


public prejudice 


manufacture of sy 


of the synthetic dyes 


1 France 


to overcome 


the available. 
1 the 
production of natural dyes and consequent- 
lv it did 
of the new phase of the dye industry 


The the 


where natural dyes wert 


French capital was interested largely 


not see clearly the potentialities 


triumphs in chemistry of 


during the past fifty years have been noth- 
ing short of marvelous. Perkin’s dis- 
covery of mauvine stimulated research on 
the oxidation of aniline with different re- 
agents and led to Verguin’s discovery that 
tin chloride would convert crude aniline 
into magenta (Fuchsine In 1860, Nicol- 
son, Girard and de Laire worked out a 


satisfactory method of preparing magenta 


on a commercial basis and thus made 


possible the production of a wider range of 
In the 


blue, 


same 
the 


eolors with synthetic dyes. 


vear, rosaniline 


first 


produced 
blue 
enta with aniline 

Lauth 
Nik 
Ni 
scle 
the 
the 
hyde 


and 


they 
dye, treating mag- 
the 


methyl 


synthetic by 


In following year 


synthesized violet and 


“olson made chrysaniline. In IS62 


made another contribution to 


the 
sodium sulphonate 


‘olson 
of water blue, 
of 


Cherpin discovered 


nee in discovery 

In 
alde- 
green synthetic dye, 
black—a 


to-day. 
of 


rosaniline. 
same vVvear, 
the 
Lightfoot 

dye of 
About 1865, Kekulé proposed his theory 
the the 
exact 


green first 


prepared aniline 


great importance even 


structure of benzene molecule 


investigations in dye chemistry re- 


ceived a noticeable 


ally 
Graebe 


very impetus, 
late r, 


Perkin 


in Germany Three years 


and Liebermann and in- 


dependently synthesized alizarin, the chief 


dye of madder. This was one of the great- 
est achievements of pure science. Of no 
less importance was the struggle of this 
synthetic dye to displace madder It was 


after years of careful and systematic 
research establish the best 
efficient methods of applying this dye 


only 
most 
that 


to and 


it finally triumphed over the natural 
product 
After twenty years of costly research 
synthetic indigo was made possible. This 
product was far superior to the natural 
substance and this fact helped it in its 
| struggle against publie prejudice. Many 


chemists contributed to the solution of the 


synthetic indigo problem. Baeyer, Drew- 


should receive special 
brilliant 


No one of the chemists who worked on this 


son, and Heumann 


|}mention for their contributions. 


have solved it without 
financial support. The Badische Aniline 
and Soda-Fabrik spent over one hundred 
thousand 


problem could 


in developing Baeyer’s 
reward. It 


after the discovery that napthalene could 


dollars 


patents without was only 


be used as an initial substance in the manu- 


to com- 


facture of indigo that it was able 


pete with the natural product. To-day, 
synthetic indigo and its derivatives are 
indispensable in the textile industr The 


beautiful Tyrian Purple was found by 


Friedlander to be 2:6-dibromindigo. It is 
not necessary now to secure it from the 
blood of shellfish at an enormous cost. It 
can be manufactured from napthalene in 
large quantities. 
| There are nine hundred or more syn- 
thetic dyes on the market to-day and 
everyone of them has meant a new triumph 
|for chemical science. The combined ef- 
forts of Kekulé, Witt, Peter Griess, Caro, 
Martius and Rousseu made possible the 


' development of the Azo dyes which repre- 


dy es | 


and | 


This was] pen 
the | 
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Think It Is Portable 


In the Bossert Bungalow, as in 
any Bossert Redibilt Home, 
you can live and loll to your 
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wide world of fresh air and 
sunshine—Summer and Winter. 
We believe ours is the only 
method which has achieved 


of 
time. 


Bossert Fedibill. Homes 


Not Even a Nail to Buy "’ 


portability and permanency 
construction at the same 


ean be erected 15 times faster and 
15 times more economically than 
houses constructed of ready cut lum- 
ber. Two menanda monkey wrench 
ean do the job in a couple of days 


Each finished complet« 
in our mammoth 32 acre plant and 
comes ready fitted, painted in two 
colors outside two coats (you select 
the oiled inside—tfine brass 
hardware in place, and all windows 
and doors expertly fitted and hung. 
Nothing to do but lock each section 


section 1S 


eolors 


in place. 

All timbers very best grown and extra heavy 
All sections—side and roof—built of five 
thicknesses with air chambers—side wall air 


chambers lined with felt paper and roof air 

chambers lined with asbestos—-outside of roof 

covered with non-rusting galvanized iron 
Investigate before you buy or build 

mur big catalog showing ali 


nd f hor 
i S ¢ ouses 
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Builders of Bungalow 


1305 GRAND ST. BROOKLYN, N 


8 for years 
































Here’s A Bargain 
ina « High Grote lathe 





“SEARS, ROEBUCK 
AND CO., Chicago. 





“ 
aie. | 


a 


Starrett 


Combination 
Square — 


Here’s a tool that every 
chanic and every man who works 
about his home should have. 


me- 


It’s a try-square with a s/iding head 
This head may be fastened at any 
point on the grooved scale which 
erve as the blade. In the head. is a 
pirit level, and one face is at an angle 
of 45 degrees so that this tool may be 
used a i rule, square, level, bevel, 
depth gage, and marking gage. I 


addition it may be purchased with 
protractor head and center gage for 
fine work. 

Ask your hardware dealer to show you this and 


othe r Starrett Tools. Send to us for our new 
320-page catalog No. 20B, showing 2100 styl« 
and sizes of tools with prices 
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If you want the plug that is 
warranted to outlast your engine 

gas-tight, soot-proof, oil-proof, 
everlasting and Platinum pointed, get 


Mosler’s SPIT-FIRE Red tag °125 


Literally shoots flame—swift, uniform combustion. 
Standard equipment on suc h cars as Pierc e-Arrow; 
ideal for Packard, Peerless, etc. Insist on Red- Tag 


Mosler’s VESUVIUS Open-end $1.2 


Stone-insulated, everlasting, efh- 


cient; easily cleaned; gas-tight; \at ea” 
proof against soot, oil, water. Stan- us 
/ 


dard equipmenton Pierce-Arrow. yw” 
ASK YOUR DEALER 


If he can't supply, send us the price and 
well mail post-paid. Mention car 
Name dealer. Ask for a free copy of 


“Mosler on Spark Plugs’’ 
The handy guide that tells at a 
glance just whichkind, typeandsize 
of plug is right for your car. Free 
at dealer's, or mailed on request. 
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The Simonds Saw fits perfectly to the hand 
and hangsso the push isin astraight line with 


the blade. Every saw guaranteed. It is made 
of Simonds stee!], tempered by the Simonds 
»rocess, holds its set and cutting edge requires 
fittie sharpening and runs through a board 
© freely it does not bind or choke 
Over eighty years of experience in cutting edge 
tools is back of every saw made by Simonds 
Just the thing for manual training departments, 
for home, farm and job use 

If you want saws that cut like diamonds 

Ask for saws that are branded SIMONDS”" 





If your de aler, cannot supply you we will. Write 
for Booklet *rofessor and the Saw,”’ which 
conta abet able information about A ag manual 
trair and the construction of useful things 


SIMONDS MANUFACTURING co. 


he Saw Makers 


Fitchburg, Mass. 


5 Factories 11 Branches 
















SCIENTIFIC AMERICAN 


sent over 50 per cent of the dyes in common 
Finally, the Vat dyes have been dis- 
covered during the past fifteen years and 
extremely fast, brilliant colors can now be 
produced. 

The greatest and most important part 
of this activity has been confined to Ger- 
many where the dye industry seemed to 
find conditions most favorable for its un- | 
restricted development. Kekulé’s theory 
of was easily assimilated by the 
German chemists and immediately they 
calmed their doubts and substituted exact 
methods of research for mere philosophical 
speculation. Pure 
the foundation upor 
dye industry. Time 
have been wise. 

The German chemists’ faith in the ulti- 
mate success of the application of theo- 
retical chemistry to practical problems and 
their absolute certainty inspired the con- 
fidence of capital to venture the support 
of the promising infant industry without 
the assurance of immediate returns on its 
Of course, it must not be sup- 
posed that either extraordinary foresight 
or generosity was responsible for the eager 
willingness of German capital to lend a 
protecting arm to this new industry. 


use, 


valence 


was selected as 
to build the 
this to | 


science 
which 
has shown 


investment. 


Care- 


ful analysis of the situation reveals the 
fact that it was international business 
rivalry which prompted the investments 


and patiently supported the project, calmly 
awaiting the fruition of its potential prom- 
Natural dyes were chiefly in the con- 
trol of England and France. Germany saw | 
a chance to displace their dyes by better 


ses. 


products, whose properties could be guar- 
anteed to be always the same, and thus 
win over the Theory and prae- 
tice were solidly allied together to win suc- 
heavy initial and a 
and thorough organization of 
work resulted. To organized co-operative 
Germany owes much of her suc- 
in the dye industry. The research 
laboratory has been an indispensable unit 
in her factory equipment. It has been the 
nucleus and its importance has been thor- 
oughly recognized. Eminent chemists have 
directed its work and caused its influence 
to be favorably felt and genuinely ap- 
preciated. Masses of information needed 
in the development of an industry so com- 
plex and diversified have been compiled 
with the least possible expenditure of 
energy and money and made available for 
the use of the productive part of the factory. 
The soundness and value of such a syste- 
matic scientific foundation has been un- 
questionably demonstrated. 

Not only has the German manufacturer 
of been successful in enlisting an 
army of thoroughly trained chemists and 
technologists to solve his problems, but he 
has also learnt how to use labor so as to get 
its greatest efficiency and at the same time 
engender in it a spirit of contentment. | 
The splendid way that employees are | 
treated by the large German dye manu-| 
facturers speaks volumes for the friendly | 
spirit of co-operation between labor and 
capital and ultimately is a large contribut- | 
ing factor to the success of the industry. 

Here in America we might take note of | 
the factors involved in the German success | 
in the development of the dye industry be- 
undertaking to transplant it to our 
realizing that “rule-of-thumb” me- 
thods can never be productive of genuine | 
permanent results in this field and that to | 


satisfactorily meet the competition of the | 


business. 


cess, even at costs, 


systematic 


research, 


cess 





dyes 


fore 


soil, 


German organization we must establish 
the industry on a thoroughly scientific 
basis. We should expect keen competi- | 


tion when the war is over, but in spite of | 
this an American dye industry should sur- 
vive if organized on the principles which 
have led to the German supremacy in the 
tinetorial world. | 
The Rise of the Motorcycle | 

iy HE first practicable motorcycles in 
this country were used for the purpose 
of pacemakers in bicycle races and the first 
machines made for general purposes were 
adaptations of the bicycle fitted with rac 


ing motors. All motors which have proved 


so far successful have been of the internal 
combustion type, using gasoline altogether. 
The electric 
proved to 
adaptation. 


and steam driven engines | 
heavy for 
The power plant had no defi 


be too successful | 
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focusing device makes pos- 
sible the use of its high grade 
anastigmat lens and shutter at 
full opening. 

The Ansco Vest Pocket No. 2 is 
the smallest and lightest camera 
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because pictures taken with it 
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the Public. 
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through ceilings to floors above and lays them on a 


table in a constant stream (counted in hfties) at the 
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speed and reduce operating expense 


machinery by machinery and you will gain in 


at the same time 
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economy. 





“C. E-Z."” Lights on 
2-arm wall bracket ; 
one globe removed, 


exposing burner. 


“C. E-Z.’’ makes it 
easy for you to 
** See-Easy ’’ 





within twenty years. 


Welsbach Kinetic Principle of Burner Constrnction 


raises GAS to new powers of efficiency, convenience, and artistic beauty 
making it in new ways the most modern as well as the most satisfying light, 


4 


HREE MODERN WELSBACH LAMPS— 


illustrating the greatest advance in illumination 
The recently-developed 





It gives freedom of mechanical construction—burner may be used in upright, inverted; 
or horizontal position, allowing a latitude of treatment never before thought possible; 
It greatly increases efficiency, resulting in higher standards of illumination and 
It eliminates chimneys and cylinders with their attendant breakage and expense. 
No noise, no blackening of mantles; extreme simplicity of operation and maintenance. 


Gas Bowl 


WELSBACH KINETIC GAS BOWLS 


A Revelation of the Possibilities of » 
Semi-Indirect Lighting f 


Successful semi-indirect illumi- 
nation requires a great volume of 
light; and the high efficiency of the 
new Welsbach burner supplies 
this at smallest possible ex- 
pense. 

In artistic forms it surpasses any- 


thing ever before shown in the field 
of illumination. ese features, 
coupled with its high degree of 
mechanical perfection, place the 
Welsbach Kinetic Gas Bowl on a 
new plane of art and efficiency in 
modern lighting. 


THE SMALL, SIMPLE, WONDERFUL “C. E-Z.” LIGHT 


adapts, to home and general use, 
the economy and high efficiency of 
the Welsbach kinetic principle of 
burner construction. The “C. E-Z.” 
is the first inverted gas lamp which 
attaches to an upright fixture without 


destroying its symmetry or discol- 
oring its finish; the first inverted 
gas lamp that allows the choice of 
use with ordinary gas globes, or 
with special eye-comfort shades, 
in semi-indirect effect. 


Welsbach Kinetic 


“REFLEX-48” 


The most compact, accesstble, and simply constructed small gas arc 
lamp in existence. Its powerful volume of light, economically produced, 
increases the already well-known advantages of Modern Gas Lighting for 


every indoor business use. 


WELSBACH COMPANY, Factories: Gloucester, N. J. 






“Reflex-48” 
Gas Are 
Lamp 














4 
Uj 
J L Uff 


Makers of thelitghest 

Grade, ly and 

Ei 72, 
Othe World 


















Py 4 

















SCIENTIFIC AMERICAN June 5, 1915 












































lt costs no more 


to buy Packard 
New Model Chainless Trucks 


and it costs less to operate and 
maintain them 











There is a Packard New Model Truck for every kind 
of hauling—seven sizes, every size in various wheel 
bases and platform lengths. ‘They comprise the only 


complete series of silent, up-to-date chainless trucks. 









































But their efficiency and economy do not depend upon the 
chainless drive or any other single detail of construction. 














They are new generation trucks in every feature and 
every feature is a plain, practical reason why Packard 
New Model Trucks improve service and save money. 


A study of the catalog, or an examination of the trucks 
themselves, is a duty every executive owes to his business. 





l-ton chassis - - - $2200 4-ton chassis - - - $3800 
114-ton chassis - - 2500 5-ton chassis - - - 4300 
2-ton chassis - - - 2800 6-ton chassis - - - 4800 
3-ton chassis - - - 3400 F. O. B. Detroit 


Early delivery on 3 and 4 ton sizes. 


Packard Motor Car Company ‘Detroit 
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“IMITALIONS” 


eresgiOU are in the theater. At 
Y some moment during the per- 
formance some one _ kindly 


steps from the wings and de- 





livers “a few imitations.” 


These “imitations” are clever—but imitations 


have their limitations. 


They rest upon a twist of the mouth, a lift of 
an eyebrow, a hunch of the shoulder, an em- 


phasized accent. 


You applaud them —— sometimes — but you 
would applaud the ORIGINAL a_ hundred 


times more. 


Leadership cannot be duplicated. It is always 
emphasized by imitation. Imitations are neces- 


sarily superficial —seldom as much as skin deep. 


The history of White Motor Cars is one of 
origination, proving, introduction—and being 


imitated. 


Months ago the latest White cars, with their 
finally-perfect streamline bodies, with the center 
cowl absorbing the conventional back of the 


front seat, offered inspirations for imitations. 


The features which you SEE are being imitated, 
just as the stage imitator copies one or two 
prominent characteristics of the star whose 
leadership is so firmly established that an imi- 


tation Is recognized. 


It is one proposition to buy something because 
it looks a little bit like another. 


But every standpoint of value comes into con- 
sideration when you select that which has 


established the principles which invite imitation. 


The White body, IN ITS COMPLETENESS, 
makes made-to-order automobile bodies unnec- 


essary for even the most critical taste. 


Within that body, however, is the MECHAN. 
ICAL completeness, which justifies the external 


beauty. 


And there, after all, is the true standard of 
value. Looks, without SERVICE, would be an 


imitation of what you want. 


Leadership must and does create value. 


Imitation need create nothing. It needs but 


wait. 


The selection and purchase of a White Motor 
Car signifies that you secure the tangible value 
involved in long years of experience, the best 
engineering ability, and a consistent manufac- 


turing policy. 
And that you own and drive the acknowledged 


leader—_the car which sets motor car fashion 


for America. 


All White dealers are showing and demonstrat- 


ing the latest White cars. 


THE WHITE COMPANY, Cleveland 


” a . - 1 Tavi-al 
Manufacturers of Gasoline Motor Cars, Motor Trucks and Taxicabs 


Exhibiting at Transportation Building, Panama-Pacific International Exposition, San Francisco 
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